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ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʨʝʰʝʥʠʡ ʩʠʩʪʝʤʳ ʩʠʥʛʫʣʷʨʥʦ 

ʚʦʟʤʫʱʸʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʤʠ ʧʦʣʶʩʘʤʠ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʩʠʩʪʝʤʘ ʠʤʝʝʪ ʧʦʣʦʞʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʦʪʦʨʦʛʦ ʥʘʨʫʰʘʝʪʩʷ 

ʧʨʠ ʦʧʨʝʜʝʣʸʥʥʦʤ ʟʥʘʯʝʥʠʠ ʤʝʜʣʝʥʥʦʡ ʧʝʨʝʤʝʥʥʦʡ. ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʷʚʣʝʥʠʶ 

ʟʘʜʝʨʞʢʠ ʨʝʰʝʥʠʷ ʧʦʩʣʝ ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʧʨʠ ʢʦʪʦʨʦʤ ʪʨʘʝʢʪʦʨʠʷ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ 

ʙʳʩʪʨʳʭ ʧʝʨʝʤʝʥʥʳʭ ʚ ʪʝʯʝʥʠʝ ʢʦʥʝʯʥʦʛʦ ʧʨʦʤʝʞʫʪʢʘ ʚʨʝʤʝʥʠ ʦʩʪʘʸʪʩʷ ʚʙʣʠʟʠ 

ʥʝʫʩʪʦʡʯʠʚʦʛʦ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ, ʩʠʩʪʝʤʘ ʧʨʠʚʦʜʠʪʩʷ ʢ 

ʢʦʤʧʣʝʢʩʥʦʡ ʬʦʨʤʝ ʠ ʩʚʦʜʠʪʩʷ ʢ ʠʥʪʝʛʨʘʣʴʥʦʤʫ ʫʨʘʚʥʝʥʠʶ ʩʧʝʮʠʘʣʴʥʦʛʦ ʚʠʜʘ. ɺ 

ʢʦʤʧʣʝʢʩʥʦʡ ʧʣʦʩʢʦʩʪʠ ʩʪʨʦʠʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʦʙʣʘʩʪʴ, ʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ 

ʣʠʥʠʠ ʫʨʦʚʥʷ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʨʠʙʣʠʞʝʥʠʡ ʜʦʢʘʟʳʚʘʝʪʩʷ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʨʝʰʝʥʠʷ. 

ʇʦʣʫʯʝʥʘ ʘʩʠʤʧʪʦʪʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʨʝʰʝʥʠʷ ʥʘ ʦʪʨʝʟʢʝ, ʯʘʩʪʴ ʢʦʪʦʨʦʛʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʥʝʫʩʪʦʡʯʠʚʦʤʫ ʧʦʣʦʞʝʥʠʶ ʨʘʚʥʦʚʝʩʠʷ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʫʪʦʯʥʷʶʪ ʚʣʠʷʥʠʝ 

ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʭ ʧʦʣʶʩʦʚ ʥʘ ʜʠʥʘʤʠʢʫ ʩʠʩʪʝʤʳ ʠ ʦʧʠʩʳʚʘʶʪ ʦʙʣʘʩʪʴ, ʚ ʢʦʪʦʨʦʡ ʥʘʙʣʶʜʘʝʪʩʷ 

ʷʚʣʝʥʠʝ ʟʘʜʝʨʞʢʠ ʨʝʰʝʥʠʷ. 

 

Abstract. Examines the asymptotic behavior of solutions to a system of singularly perturbed 

differential equations with logarithmic poles. The system under consideration possesses an 

equilibrium point whose stability is lost at a certain value of the slow variable. The main focus is on 

the phenomenon of solution delay after the loss of stability, in which the trajectory of the solution 

corresponding to the fast variables remains in the vicinity of the unstable equilibrium point for a finite 

time interval. For the analysis, the system is transformed into a complex form and reduced to a special 

type of integral equation. An appropriate domain is constructed in the complex plane, and the 

existence of a solution is proved using the methods of level curves and successive approximations. 

An asymptotic estimate of the solution on an interval, part of which corresponds to the unstable 
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equilibrium, is obtained. The results clarify the influence of logarithmic poles on the system dynamics 

and describe the region in which the phenomenon of solution delay is observed. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʠʥʛʫʣʷʨʥʳʝ ʚʦʟʤʫʱʝʥʠʷ, ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʡ ʧʦʣʶʩ, ʠʟʤʝʥʝʥʠʝ 

ʫʩʪʦʡʯʠʚʦʩʪʠ, ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʝ ʦʮʝʥʢʠ, ʤʝʪʦʜ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʨʠʙʣʠʞʝʥʠʡ, ʣʠʥʠʠ ʫʨʦʚʥʷ 

ʤʦʥʦʪʦʥʥʦʩʪʴ. 

 

Keywords: singular perturbations, logarithmic pole, change of stability, asymptotic estimates, 

method of successive approximations, level curves monotonicity. 

 

ʆʙʴʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ʆʩʥʦʚʥʳʤ ʦʙʴʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʫʨʘʚʥʝʥʠʝ ʩʣʝʜʫʶʱʝʛʦ ʚʠʜʘ 
 

                                                          ‐ὼ ὃώὼ Ὢὼȟ                                                              (1) 
 

 ώ ρȟ (2) 
 

ʛʜʝ π ‐  ï ʤʘʣʳʡ ʚʝʱʝʩʪʚʝʥʥʳʡ ʧʘʨʘʤʝʪʨ; ὼ ὼȟȣȟὼ ȟὼ ὼ ώȟὼȟὼ

ώȟὼ ȟὃώ ὨὭὥὫὃ ώȟὃ ώ ȟ  ὃ ώȟὃ ώ  ʥʝʢʦʪʦʨʳʝ ʤʘʪʨʠʮʳ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ; Ὢπḳ

π. 

ʋʨʘʚʥʝʥʠʷ ʚʠʜʘ (1)-(2) ʥʘʟʳʚʘʶʪʩʷ ʩʠʥʛʫʣʷʨʥʦ ʚʦʟʤʫʱʝʥʥʳʤʠ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʨʘʩʩʤʦʪʨʠʤ ʩʣʝʜʫʶʱʠʡ ʩʣʫʯʘʡ: 
 

ὃ ώ
ςώ ς
ς ςώ

ȟὃ ώ

ở

Ở
ờ

ςώ

ώ ρ

ς

ώ ρ
ς

ώ ρ

ςώ

ώ ρ
Ợ

ỡ
Ỡ
Ȣ 

 

 

ʆʩʦʙʝʥʥʦʩʪʴ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʩʣʫʯʘʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʥʫʣʠ ʠ ʧʦʣʶʩʘ 

ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʤʘʪʨʠʮʳ ὃώ ʧʦʧʘʨʥʦ ʩʦʚʧʘʜʘʶʪ.  

ʉʠʩʪʝʤʘ (1) ʥʘʟʳʚʘʝʪʩʷ ʩʠʩʪʝʤʦʡ ʙʳʩʪʨʳʭ ʜʚʠʞʝʥʠʡ [1, 2] ʠ ʦʥʘ ʚ ʪʦʯʢʝ ώȟπȟώȟπ ʠʤʝʝʪ 

ʧʦʣʦʞʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ, ʧʨʠʯʝʤ ʧʦʣʦʞʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ ʫʩʪʦʡʯʠʚʘ ʧʨʠ ώ π ʠ ʥʝʫʩʪʦʡʯʠʚʘ ʧʨʠ 

ώ π ʪ.ʝ ʧʨʠ ʧʝʨʝʭʦʜʝ ʟʥʘʯʝʥʠʷ ώ π ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʦʣʦʞʝʥʠʷ ʪʝʨʷʝʪʩʷ.  

ɿʘʜʘʯʘ. ʀʩʩʣʝʜʦʚʘʪʴ ʨʝʝʰʝʥʠʝ ʩʠʩʪʝʤʳ (1) ʥʘ (3 ʈ).  

ʊʘʢʠʝ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʳ ʚ [3-9]. ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʠʩʧʦʣʴʟʫʝʤ ʤʝʪʦʜ ʨʘʟʨʘʙʦʪʪʘʥʥʳʡ 

ʚ [5, 10].  

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ. 

1. ʄʘʪʨʠʮʘ ὃώ ʠʤʝʝʪ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

‗ȟ ώ ςώ Ὥ, ‗ȟ ώ Ȣ 

ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (2) ʚʦʟʴʤʸʤ ʚ ʚʠʜʫ ώ ὸ  ʠ ʜʣʷ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ (1) ʨʘʩʩʤʦʪʨʠʤ 

ʟʘʜʘʯʫ 
 

ᴁὼὸȟ‐ᴁ ὕ‐ȟ ὸᶰὙ ̉  ὸ πȢ ɺ (3) 
 

ʚʚʝʜʝʤ ʥʦʚʳʝ ʬʫʥʢʮʠʠ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ 

 

 ὼ ὸ όȟ ὼ όȟ ὼ ὸ όȟ ὼ όȢ 
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ʀʤʝʝʤ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ 
 

‐ό ςὸό ςό Ὢόȟόȟόȟό ‐ȟ 
‐ό ςό ςὸό Ὢόȟόȟόȟό ȟ 

‐ό
ςὸ

ὸ ρ
ό

ς

ὸ ρ
ό Ὢόȟόȟόȟό ‐ȟ 

‐ό
ς

ὸ ρ
ό

ςὸ

ὸ ρ
ό Ὢόȟόȟόȟό Ȣ 

(4) 

 

ɺ (4) ʚʪʦʨʦʝ ʫʨʘʚʥʝʥʠʝ ʫʤʥʦʞʠʚ ʥʘ Ὥ ʠ ʩʣʦʞʠʤ ʩ ʧʝʨʚʳʤ ʫʨʘʚʥʝʥʠʝʤ (ʟʘʪʝʤ ʧʨʦʚʝʜʝʤ 

ʚʳʯʠʪʘʥʠʝ ʚ ʪʦʤ ʞʝ ʧʦʨʷʜʢʝ), ʯʝʪʚʝʨʪʦʝ ʫʨʘʚʥʝʥʠʝ ʫʤʥʦʞʠʚ ʥʘ Ὥ ʠ ʩʣʦʞʠʤ ʩ ʯʝʪʚʝʨʪʳʤ 

(ʟʘʪʝʤ ʧʨʦʚʝʜʝʤ ʚʳʯʠʪʘʥʠʝ ʚ ʪʦʤ ʞʝ ʧʦʨʷʜʢʝ). 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʜʝʡʩʪʚʠʡ ʧʦʣʫʯʠʤ ʩʠʩʪʝʤʫ 
 

‐ᾀ ‗ ὸᾀ ‐ Ὢ ᾀȟᾀȟᾀȟᾀ ȟ 

‐ᾀ ‗ ὸᾀ ‐ Ὢ ᾀȟᾀȟᾀȟᾀ ȟ 

‐ᾀ ‗ ὸᾀ ‐ Ὢ ᾀȟᾀȟᾀȟᾀ ȟ 

‐ᾀ ‗ ὸᾀ ‐ Ὢ ᾀȟᾀȟᾀȟᾀ ȟ 

(5) 

 

ʩ ʥʘʯʘʣʴʥʳʤ ʫʩʣʦʚʠʝʤ 
 

    ᴁᾀὸȟ‐ᴁ ὧ‐ȟ   (6) 
 

ʛʜʝ ‗ȟὸ ςὸ Ὥȟ‗ȟ ὸ ȟ   ᾀ ᾀȟᾀȟᾀȟᾀ ȟ  Ὢ Ὢ ρ ὪȟὮ ρȟςȠ 

Ὢ Ὢ ρ ὪȟὮ σȟτȢ 

ɿʜʝʩʴ ʠ ʜʘʣʝʝ ʙʫʢʚʘʤʠ ὧȟὧȟȣ  ʙʫʜʝʤ ʦʙʦʟʥʘʯʘʪʴ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʧʦʩʪʦʷʥʥʳʭ ʥʝ 

ʟʘʚʠʩʷʱʠʭ ʦʪ Ů. ʇʫʩʪʴ ʚʳʧʦʣʥʷʶʪʩʷ ʫʩʣʦʚʠʷ: 

ʋ1. ὪᾀᶰὗὌ ï ʧʨʦʩʪʨʘʥʩʪʚʦ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʚ ʦʙʣʘʩʪʠ  
 

Ὄ ὸȟᾀȟὸɴ Ὀȟᴁᾀᴁ ὧȟ 
 

ʛʜʝ  Ὀ ὸɴ ὅ ̍̎̏̇̆̒̓̃̏ ̜̖̋̏̍̐̌̆̋̒̎ ̘̉̒̆̌ȟȿὸȿ ὶᶰὙȠ 
 

Ὢᾀ Ὢ ᾀȟὪ ᾀȟὪ ᾀȟὪ ᾀ Ȣ 

ʋ2. (ᶅὸȟᾀǿȟὸȟᾀǿ) ɴ Ὄ(Ὢᾀǿ Ὢᾀǿ ὧ ᾀǿᾀǿάὥὼᴁᾀǿᴁȟᾀǿȢ 
 

ɿʘʜʘʯʫ (5)-(6) ʟʘʤʝʥʠʤ ʩʣʝʜʫʶʱʠʤ 
 

ᾀ ᾀὩὼὴ
Ὂὸ

‐

ρ

‐
‐ Ὢ ᾀȟᾀȟᾀȟᾀ Ὡὼὴ

Ὂὸ Ὂ†

‐
Ὠ†ȟ   

(7) 

 

ʛʜʝ Ὂὸ ᷿‗†Ὠ†ȟὮ ρȟςȟσȟτȢ    

ʊʝʧʝʨʴ ʦʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʟʘʢʣʷʯʘʝʪʩʷ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ 

ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ (7).  

ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʢ (7) ʧʨʠʤʝʥʠʤ ʤʝʪʦʜ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʨʠʙʣʠʞʝʥʠʡ. 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʧʨʠʙʣʠʞʝʥʠʷ ʦʧʨʝʜʝʣʠʤ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ 
 

ᾀ ᾀὩὼὴ
Ὂὸ

‐

ρ

‐
‐ Ὢ ᾀ ȟᾀ ȟᾀ ȟᾀ Ὡὼὴ

Ὂὸ Ὂ†

‐
Ὠ†ȟ  

(8) 

 

ᾀ ḳπȟά ρȟςȟȣ 
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ʆʧʨʝʜʝʣʠʤ ʦʙʣʘʩʪʴ ʚ ʢʦʤʧʣʝʢʩʥʦʡ ʧʣʦʩʢʦʩʪʠ. ɼʣʷ ʵʪʦʛʦ ʨʘʩʩʤʦʪʨʠʤ ʬʫʥʢʮʠʠ 

 

Ὂ ὸ ὸ Ὥȟ Ὦ ρȟςȠ Ὂ ὸ ςÌÎὸ Ὥȟ Ὦ σȟτȢ 

Ὂὸ Ὂ ὸ Ὂ ὸȢ 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʣʘʩʪʠ ʠʩʧʦʣʴʟʫʝʤ ʬʫʥʢʮʠʠ  
 

ὙὩὊ ὸ Ὦ ρȟςȟσȟτȢ 
 

ɿʘʤʝʪʠʤ, ʯʪʦ ʬʫʥʢʮʠʠ  ὙὩὊ ὸʠ ὙὩὊ ὸ; ὙὩὊ ὸ ʠ ὙὩὊ ὸ ʚ ʩʠʤʤʝʪʨʠʯʥʳʭ ʪʦʯʢʘʭ, 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʦʩʠ, ʧʨʠʥʠʤʘʶʪ ʨʘʚʥʳʝ ʟʥʘʯʝʥʠʷ. ɼʘʣʝʝ ʩʠʤʤʝʪʨʠʶ ʙʫʜʝʤ 

ʧʦʥʠʤʘʪʴ, ʪʦʣʴʢʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʦʩʠ. 

ɺʦʟʴʤʸʤ ʬʫʥʢʮʠʶ Ὂ ὸ ὸ ς  

ʠ ʦʧʨʝʜʝʣʠʤ ʣʠʥʠʶ ʫʨʦʚʥʷ ὸ ὸ ς ωȢ 

ʆʪʩʶʜʘ ʦʧʨʝʜʝʣʷʝʤ ʬʫʥʢʮʠʶ 
 

ὸ ς ω ὸȢ   
(K_1 ) 

 

ʌʫʥʢʮʠʠ ὙὩὊ  ʠ ὙὩὊ  ʨʘʩʩʤʦʪʨʠʤ ʥʘ ʢʨʠʚʦʡ ὑ  , ʧʨʠʯʝʤ ʙʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ Ѝυ

ὸ πȢ 

ʇʨʠ ʪʘʢʦʤ ʫʩʣʦʚʠʠ ὑ  ʩʦʝʜʠʥʷʝʪ ʪʦʯʢʠ (Ѝυ; 0) ʠ (0; -1). 

ὙὩὊ ὸ ὸ ρ ὸ σ ω ὸ Ȣ 

ʆʧʨʝʜʝʣʠʤ ʤʦʥʦʪʦʥʥʦʩʪʴ ὙὩὊȢ ʀʤʝʝʤ  

ὙὩὊ ςὸ ςσ ω ὸ Ͻ
ὸ

ω ὸ
ςὸ ς

σ

ω ὸ
 

ςὸ
ςυ τὸ

ω ὸ ςω ὸ σ
Ȣ 

ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ ʧʨʠ (Ѝυ ὸ π ʬʫʥʢʮʠʷ ὙὩὊ ʩʪʨʦʛʦ ʫʙʳʚʘʝʪ ʧʦ ὑ . 

ʊʝʧʝʨʴ ʧʨʦʚʝʨʠʤ ʥʘ ʤʦʥʦʪʦʥʥʦʩʪʴ ὙὩὊ  ʥʘ ʢʨʠʚʦʡ ὑ  . ɼʣʷ ʵʪʦʛʦ ʜʦʩʪʘʪʦʯʥʦ 

ʨʘʩʩʤʦʪʨʝʪʴ ʬʫʥʢʮʠʶ  

Ὂ ὸ ὸ ρ Ȣ 

ʀʤʝʝʤ  

Ὂ ὸ ρ ω ὸ Ȣ  

ʆʪʩʶʜʘ 

Ὂ ςὸ ςρ ω ὸ Ͻ
ὸ

ω ὸ

ςὸ

ω ὸ
 Ȣ 

 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ ʧʨʠ Ѝυ ὸ π ʬʫʥʢʮʠʷ Ὂ , ʘ ʪʘʢʞʝ ὙὩὊ ʫʙʳʚʘʶʪ. 

ɺʦʟʴʤʸʤ  
 

ὸ ὸ ρ π ‏ ‏ ̎ ̆̈́̃̉̒̉̓ ̏  ̓‐   (K_2 ) 
 

ʂʘʢ ʠ ʚ ʧʨʝʜʳʜʫʱʝʤ ʩʣʫʯʘʝ ʫʩʪʘʥʦʚʠʤ ʤʦʥʦʪʦʥʥʦʩʪʴ ʬʫʥʢʮʠʡ ὙὩὊ ὸ ʠ Ὂ  ʥʘ ʢʨʠʚʦʡ 

ὑ Ȣ ʀʤʝʝʤ ὙὩὊ ὸ ὸ ὸ ‏ ȟὙὩὊ ς‏ πȢὙὩὊ ὸ- ʩʪʨʦʛʦ ʫʙʳʚʘʝʪ ʧʦ ὑ Ȣ 

ɼʘʣʝʝ Ὂ ὸ ὸ ς ‏ ȟὊ τὸ Ȣ 
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ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʦʛʦ ʚʳʨʘʞʝʥʠʷ ʜʣʷ Ὂ  , ʝʩʣʠ ὸ  , ʪʦ Ὂ  -ʫʙʳʚʘʝʪ ʧʦ ὑ Ȣ  ὑ  

ʧʝʨʝʩʝʢʘʝʪ ʦʩʴ ὸ  ʚ ʪʦʯʢʝ ὸ ρ ʠ ρ  ‏ ‏ Ȣ  ʊʘʢʠʤ ʦʙʨʘʟʦʤ Ὂ   ʩʪʨʦʛʦ ʫʙʳʚʘʝʪ ʧʦ 

ὑ . ʆʧʨʝʜʝʣʠʤ ὑ ȟὑ   ʩʠʤʤʝʪʨʠʯʥʳʝ ʢ ὑ ȟὑ Ȣ  

ʌʫʥʢʮʠʠ ὙὩὊ  ʠ ὙὩὊ ; ὙὩὊ  ʠ ὙὩὊ  ʚ ʩʠʤʤʝʪʨʠʯʥʳʭ ʪʦʯʢʘʭ ʧʨʠʥʠʤʘʶʪ ʨʘʚʥʳʝ 

ʟʥʘʯʝʥʠʷ. ʊʦʛʜʘ ʧʦ ὑ  ᷾ὑ  ʬʫʥʢʮʠʠ ὙὩὊ ʠ ὙὩὊ ʪʘʢʞʝ ʫʙʳʚʘʶʪ. ʆʙʣʘʩʪʴ ʦʛʨʘʥʠʯʝʥʥʳʡ 

ὑ ȟὑ ȟὑ ȟὑ  ʦʙʦʟʥʘʯʠʤ Ὀ (ʈʠʩʫʥʦʢ). 

 

 
 

ʈʠʩʫʥʦʢ. ʆʙʣʘʩʪʴ Ὀ  

 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʧʨʠʙʣʠʞʝʥʠʷ (8) ʨʘʩʩʤʦʪʨʠʤ ʚ ʦʙʣʘʩʪʠ Ὀ . ʆʧʨʝʜʝʣʠʤ ʧʫʪʠ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʜʣʷ (8). ʇʫʪʴ ʜʣʷ ᾀ ȟᾀ  ʩʦʩʪʦʠʪ ʠʟ ʯʘʩʪʠ ὑ  ᷾ὑ  ʩʦʝʜʠʥʷʶʱʝʛʦ ʪʦʯʢʠ 

ὸ Ѝυ ʠ ὸǿ; ʧʨʷʤʦʣʠʥʝʡʥʦʛʦ ʦʪʨʝʟʢʘ ʩʦʝʜʠʥʷʶʱʝʛʦ ʪʦʯʢʠ ὸǿ ὸ Ὥὸǿȟὸ ὸ Ὥὸ.  

ʇʫcʪʴ ʜʣʷ ᾀ ȟᾀ  ʚʳʙʠʨʘʝʪʩʷ ʩʠʤʤʝʪʨʠʯʥʳʤ ʢ ʧʫʪʴʷʤ ʜʣʷ ᾀ ȟᾀ .  

ʇʝʨʝʭʦʜʠʤ ʢ ʦʮʝʥʢʝ ʠ ʜʦʢʘʟʘʪʝʣʴʩʪʚʫ ʨʘʚʥʦʤʝʨʥʦʡ ʩʭʦʜʠʤʦʩʪʠ (8) ʚ ʦʙʣʘʩʪʠ Ὀ.  

ʇʫʩʪʴ  
 

  ᴁᾀᴁ ‌ ‐ȟ    ᶅὸɴ Ὀȟ  (9) 
 

ʛʜʝ ‌ ‐-ʥʝʢʦʪʦʨʘʷ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʬʫʥʢʮʠʷ ʦʪ ʀ. ɽʩʣʠ ά ρȟ ʪʦ ᴁᾀᴁ ‌ ‐Ȣ 

ʀʩʭʦʜʷ ʠʟ ʚʳʙʨʘʥʥʳʭ ʧʫʪʝʡ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʠʤʝʝʤ ᴁᾀᴁ ὧ‐ȿὉὸȟὸȟ‐ȿ

᷿Ὁ†ȟὸȟ‐Ὠ†ȟ ʛʜʝ Ὁ†ȟὸȟ‐ ὨὭὥὫὩὼὴὊ ὸ Ὂ † ȟȣȟὩὼὴὊ ὸ Ὂ † Ȣ 

ʇʦ ʚʳʙʨʘʥʳʤ ʧʫʪʴʷʤ ὙὩὊὸ  ʩʪʨʦʛʦ ʫʙʳʚʘʶʪ. ʊʦʛʜʘ ȿὉὸȟὸȟ‐ȿ ρȢ  ʠ ʠʥʪʝʛʨʘʣʳ 

᷿Ὡὼὴ Ὠ† ʤʦʞʥʦ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʧʦ ʯʘʩʪʴʷʤ.  

ʋʯʠʪʳʚʘʷ ʩʢʘʟʘʥʥʦʝ ʧʦʣʫʯʠʤ ᴁᾀᴁ ὧ‐ ὧ‐ ὧ‐ȟὧ ὧȢ ɼʘʣʝʝ, ʫʯʠʪʳʚʘʷ ʋ1, ʋ2 

ʠʤʝʝʤ ᴁᾀ ᴁ ὧ‐ ᷿ᴁᾀᴁᴁὉ†ȟὸȟ‐ᴁȿὨ†ȿ ὧ‐ ‌ ‐‐ ὧ‐ ὧ‌ ‐ȟ 
 

ᴁᾀ ᴁ ὧ‐ ὧ‌ ‐ȟὧ ὧȢ (10) 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ ‌ ‐ ὧ‐ ὧ‌ ‐Ȣ 

ɽʩʣʠ ά ρȟ  ʪʦ ‌ ‐ ὧ‐ ὧ‌ ‐ ὧ‐ ὧὧ‐ ‐ὧ ὧὧ‐Ȣ  ʇʫʩʪʴ ὧ

ὧὧ‐ ὧ  ʠʣʠ ‐ Ȣ  ʇʨʠ ʪʘʢʦʤ ʫʩʣʦʚʠʠ ‌ ‐ ὧ‐Ȣ  ʊʘʢʞʝ ‌ ‐ ὧ‐ ὧ‐ ‐ὧ

ὧ‐Ȣ ʇʫʩʪʴ ‐ Ȣ ʋʩʣʦʚʠʷ ʥʘʣʦʞʝʥʥʳʝ ʥʘ ʀ, ʧʨʠ ʤʘʣʳʭ ʟʥʘʯʝʥʠʷʭ ʀ ʚʳʧʦʣʥʷʶʪʩʷ. ʊʦʛʜʘ 

‌ ‐ ὧ‐Ȣ ʀʪʦʛʦ ʧʦʣʫʯʠʤ 

‌ ‐ ὧ‐ȟά πȟρȟςȟȣ    (11) 
 

ʋʯʠʪʳʚʘʷ (11) ʦʮʝʥʢʫ (10) ʤʦʞʝʤ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ 
 

ᴁᾀ ᴁ ὧ‐ȟά πȟρȟςȟȣȠ ὸɴ ὈȢ  (12) 
 

ɼʦʢʘʞʝʤ ʨʘʚʥʦʤʝʨʥʫʶ ʩʭʦʜʠʤʦʩʪʴ (8). 

ʇʫʩʪʴ ʩʧʨʘʚʝʜʣʠʚʘ ʦʮʝʥʢʘ 
 

ᴁᾀ ᾀ ᴁ ‍ ‐ȟὸɴ Ὀȟ    (13) 
 

ʛʜʝ ‍ ‐ -ʥʝʢʦʪʦʨʘʷ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʬʫʥʢʮʠʷ ʦʪ ʀ. ɽʩʣʠ ά ρȟ  ʪʦ ‍ ‐ ὧ‐Ȣ  ɼʘʣʝʝ 

ʠʤʝʝʤ ᴁᾀ ᾀ ᴁ ᷿ὧᴁᾀ ᾀ ᴁάὥὼᴁᾀᴁȟᴁᾀ ᴁϽᴁὉ†ȟὸȟ‐ᴁȿὨ†ȿ ‌ ‐Ͻ

ὧ‐᷿ᴁὉ†ȟὸȟ‐ᴁȿὨ†ȿ ὧὧ ‐Ͻὧ‐ ὧὧὧ‐‍ ‐ȟ‍ ‐ ὧὧὧ‐‍ ‐Ȣ  

ʆʪʩʶʜʘ ʠʤʝʝʤ: ʝʩʣʠ ά ρȟ  ʪʦ ‍ ‐ ὧὧὧ‐‍ ‐ ὧὧὧ‐Ͻὧ‐ ὧὧ ὧ‐ Ƞ  ʝʩʣʠ 

ά ςȟ ʪʦ ‍ ‐ ὧὧὧ‐‍ ‐ ὧὧ ὧ‐ Ȣ  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ‍ ‐ ὧὧ ὧ‐ ὧὧὧ‐ Ȣ ʇʨʠ ʫʩʣʦʚʠʠ 

ὧὧὧ‐ ρȟ ʨʷʜ В ᾀ ᾀ  ʨʘʚʥʦʤʝʨʥʦ ʩʭʦʜʠʪʩʷ, ʚ Ὀ, ʢ ʥʝʢʦʪʦʨʦʡ ʬʫʥʢʮʠʠ ᾀὸȟ‐, 

ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝʤ (7). ɽʩʣʠ ʫʯʝʩʪʴ (12), ʜʣʷ ʵʪʦʛʦ ʨʝʰʝʥʠʷ ʩʧʨʘʚʝʜʣʠʚʘ ʦʮʝʥʢʘ  
 

ᴁᾀᴁ ὧ‐ȟὸɴ ὈȢ   (14) 
 

ɼʦʢʘʟʘʥʘ ʩʣʝʜʫʶʱʘʷ ʪʝʦʨʝʤʘ. 

ʊʝʦʨʝʤʘ. ʇʫʩʪʴ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ (5-6) ʧʨʠ ʫʩʣʦʚʠʠ ʋ1-ʋ2. ʊʦʛʜʘ ʩʫʱʝʩʪʚʫʝʪ 

ʦʙʣʘʩʪʴ Ὀ ᶰὈ  ʠ ᾀὸȟ‐  ï ʨʝʰʝʥʠʝ ʵʪʦʡ ʟʘʜʘʯʠ ʦʧʨʝʜʝʣʝʥʥʦʝ ʚ Ὀ  ʠ ʜʣʷ ʵʪʦʛʦ ʨʝʰʝʥʠʷ 

ʩʧʨʘʚʝʜʣʠʚʘ ʦʮʝʥʢʘ (14). 

ʉʣʝʜʩʪʚʠʝ. ɽʩʣʠ ʦʮʝʥʢʫ (14) ʨʘʩʩʤʦʪʨʝʪʴ ʥʘ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʦʩʠ, ʪʦ ʜʣʷ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤ 

(1)-(2) ʧʦʣʫʯʠʤ 
 

ᴁὼᴁ ὧ‐ȟ ὸ Ѝυ ὸ ρ  Ȣ  (15)‏
 

ʆʮʝʥʢʘ (15) ʧʦʢʘʟʳʚʘʝʪ, ʢʦʛʜʘ ʧʦʣʦʞʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ ʩʪʘʥʦʚʠʪʩʷ ʥʝʫʩʪʦʡʯʠʚʳʤ, ʪʦ 

ʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ (1) ʥʝ ʩʨʘʟʫ ʧʦʢʠʜʘʝʪ ʚʦʟʥʠʢʱʝʝ ʥʝʫʩʪʦʡʯʠʚʦʝ ʧʦʣʦʞʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ, ʘ 

ʦʩʪʘʝʪʩʷ ʚ ʙʣʠʟʠ ʥʝʛʦ ʥʘ ʦʪʨʝʟʢʝ πȠρ  .ʚʨʝʤʝʥʠ ὸ ‏
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ɸʥʥʦʪʘʮʠʷ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʧʨʠʤʝʥʝʥʠʶ ʧʨʦʝʢʮʠʠ ʠ 

ʢʦʦʨʜʠʥʘʪ ɻʘʫʩʩʘïʂʨʶʛʝʨʘ ʚ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʠ ʤʘʨʢʰʝʡʜʝʨʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ. 

ʇʨʝʜʣʦʞʝʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʚʳʙʦʨʫ ʧʨʦʝʢʮʠʠ ʠ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʤʘʩʰʪʘʙʘ ʨʘʙʦʪ ʠ ʪʨʝʙʫʝʤʦʡ ʪʦʯʥʦʩʪʠ. ʎʝʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʨʘʟʨʘʙʦʪʢʘ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ 

ʚʳʙʦʨʫ ʧʨʦʝʢʮʠʠ ʠ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʘʩʰʪʘʙʘ ʨʘʙʦʪ ʠ ʪʨʝʙʫʝʤʦʡ ʪʦʯʥʦʩʪʠ. 

ʇʨʦʚʝʜʝʥ ʦʙʟʦʨ ʩʫʱʝʩʪʚʫʶʱʠʭ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʧʨʦʝʢʮʠʡ ʠ ʦʮʝʥʝʥʳ ʠʭ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʡ ʪʦʯʥʦʩʪʠ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʛʦʨʦʜʩʢʠʭ, ʩʪʨʦʠʪʝʣʴʥʳʭ ʠ ʛʦʨʥʦ-

ʤʘʨʢʰʝʡʜʝʨʩʢʠʭ ʨʘʙʦʪ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʂʳʨʛʳʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ. ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ 

ʦʛʨʘʥʠʯʝʥʠʷ ʧʨʦʝʢʮʠʠ ɻʘʫʩʩʘïʂʨʶʛʝʨʘ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʣʠʥʝʡʥʳʤʠ ʠʩʢʘʞʝʥʠʷʤʠ ʥʘ ʢʨʘʷʭ ʟʦʥ 

ʠ ʪʨʫʜʥʦʩʪʷʤʠ ʧʨʠ ʚʳʩʦʢʦʪʦʯʥʳʭ ʠʟʤʝʨʝʥʠʷʭ. ɺr ʷʚʣʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʨʠʤʝʥʝʥʠʷ 

ʩʪʝʨʝʦʛʨʘʬʠʯʝʩʢʠʭ ʠ ʣʦʢʘʣʴʥʳʭ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʩʪʨʦʠʪʝʣʴʥʦʡ 

ʨʘʟʙʠʚʢʠ ʠ ʤʦʥʠʪʦʨʠʥʛʘ ʩʤʝʱʝʥʠʡ ʦʙʲʝʢʪʦʚ. ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʧʝʮʠʘʣʴʥʦʡ ʧʨʦʝʢʮʠʠ ʜʣʷ 

ʠʥʞʝʥʝʨʥʳʭ ʛʦʨʦʜʩʢʠʭ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʨʘʙʦʪ ʥʝʦʙʭʦʜʠʤʦ ʪʱʘʪʝʣʴʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʚʦʧʨʦʩʳ 

ʠʩʢʘʞʝʥʠʡ, ʫʜʦʙʩʪʚʘ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʠ ʩʚʷʟʠ ʩ ʦʙʱʝʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʦʡ. 

 

Abstract. This article analyzes modern approaches to the application of projections and Gaussï

Kruger coordinates in engineering geodetic and surveying studies. Recommendations are proposed 

for selecting the appropriate projection and coordinate system based on the scale of work and the 

required accuracy. A review of existing geodetic projections was conducted, and their capabilities to 

ensure the necessary accuracy for urban, construction, and mining surveying tasks in the Kyrgyz 

Republic were evaluated. The main limitations of the GaussïKruger projection, caused by linear 

distortions at zone edges and difficulties in high-precision measurements, are discussed. The study 

identified advantages of using stereographic and local coordinate systems for design, construction 
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layout, and object displacement monitoring. In developing a specialized projection for engineering 

urban geodetic work, it is necessary to thoroughly investigate distortion issues, ease of practical 

application, and its compatibility with the national coordinate system. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʦʧʦʛʨʘʬʠʯʝʩʢʘʷ ʩʲʸʤʢʘ, ʢʦʦʨʜʠʥʘʪʳ, ʧʨʦʝʢʮʠʷ ɻʘʫʩʩʘïʂʨʶʛʝʨʘ, 

ʩʪʝʨʝʦʛʨʘʬʠʯʝʩʢʘʷ ʧʨʦʝʢʮʠʷ, ʧʦʛʨʝʰʥʦʩʪʴ, ʛʦʨʥʳʝ ʨʘʡʦʥʳ, ʪʦʥʥʝʣʴ, ʧʝʨʝʚʘʣ, ʛʝʦʜʝʟʠʯʝʩʢʘʷ 

ʩʝʪʴ. 

 

Keywords: topographic survey, coordinates, GaussïKruger projection, stereographic 

projection, accuracy/error margin, mountainous areas, tunnel, pass, geodetic network. 

 

ʉʦʚʨʝʤʝʥʥʦʝ ʨʘʟʚʠʪʠʝ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʤʝʪʦʜʦʚ ʪʦʯʥʳʭ ʠʟʤʝʨʝʥʠʡ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʣʠ ʚʦʟʤʦʞʥʦʩʪʠ ʠʥʞʝʥʝʨʥʦʡ ʛʝʦʜʝʟʠʠ, ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʡ ʩʲʝʤʢʠ ʠ 

ʘʨʭʝʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʚ ʵʪʠʭ ʦʙʣʘʩʪʷʭ ʷʚʣʷʶʪʩʷ 

ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʠ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʝ ʧʨʦʝʢʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʪʦʯʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ 

ʧʦʣʦʞʝʥʠʷ ʦʙʲʝʢʪʦʚ ʠ ʦʙʨʘʙʦʪʢʫ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ. ɺʘʞʥʦʝ ʤʝʩʪʦ ʩʨʝʜʠ ʪʘʢʠʭ 

ʧʨʦʝʢʮʠʡ ʟʘʥʠʤʘʝʪ ʧʨʦʝʢʮʠʷ ɻʘʫʩʩʘïʂʨʶʛʝʨʘ, ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʘʷ ʚ ʨʷʜʝ ʩʪʨʘʥ ʜʣʷ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ ʚ ʧʣʦʩʢʠʝ ʩʠʩʪʝʤʳ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʠʥʞʝʥʝʨʥʳʭ 

ʟʘʜʘʯ ʠ ʧʦʜʛʦʪʦʚʢʠ ʢʘʨʪ [1]. 

ɺʳʙʦʨ ʧʦʜʭʦʜʷʱʝʡ ʧʨʦʝʢʮʠʠ ʠ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠʤ ʵʪʘʧʦʤ ʚ 

ʩʦʚʨʝʤʝʥʥʳʭ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʨʘʙʦʪʘʭ, ʦʩʦʙʝʥʥʦ ʫʯʠʪʳʚʘʷ ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʣʴʝʬʘ, ʤʘʩʰʪʘʙʳ 

ʧʨʦʝʢʪʦʚ ʠ ʪʨʝʙʦʚʘʥʠʷ ʢ ʪʦʯʥʦʩʪʠ. ɺ ʛʦʨʥʳʭ ʨʘʡʦʥʘʭ, ʛʦʨʦʜʩʢʠʭ ʫʩʣʦʚʠʷʭ ʠ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ 

ʚ ʩʣʦʞʥʦʡ ʪʦʧʦʛʨʘʬʠʠ ʦʩʦʙʫʶ ʩʣʦʞʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʤʠʥʠʤʠʟʘʮʠʠ ʦʰʠʙʦʢ 

ʠ ʠʩʢʘʞʝʥʠʡ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʘʢʪʫʘʣʴʥʦ ʧʨʠʤʝʥʷʪʴ ʨʘʟʣʠʯʥʳʝ ʩʠʩʪʝʤʳ ʠ ʧʨʦʝʢʮʠʠ, ʪʘʢʠʝ ʢʘʢ 

ʩʪʝʨʝʦʛʨʘʬʠʯʝʩʢʘʷ, ɻʘʫʩʩʘïʂʨʶʛʝʨʘ ʠ ʣʦʢʘʣʴʥʳʝ ʢʦʦʨʜʠʥʘʪʥʳʝ ʩʠʩʪʝʤʳ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ 

ʦʙʣʘʜʘʝʪ ʩʚʦʠʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ [2]. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʧʨʠʤʝʥʝʥʠʷ ʧʨʦʝʢʮʠʠ ɻʘʫʩʩʘïʂʨʶʛʝʨʘ 

ʠ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʧʨʦʝʢʮʠʡ ʚ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʠ ʤʘʨʢʰʝʡʜʝʨʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ [3].  

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʦʮʝʥʢʝ ʧʨʝʠʤʫʱʝʩʪʚ ʠ ʥʝʜʦʩʪʘʪʢʦʚ ʜʘʥʥʳʭ ʤʝʪʦʜʦʚ ʧʨʠ 

ʚʳʧʦʣʥʝʥʠʠ ʨʘʙʦʪ ʚ ʛʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʛʦʨʦʜʩʢʠʭ ʪʝʨʨʠʪʦʨʠʷʭ, ʘ ʪʘʢʞʝ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʪʫʥʥʝʣʝʡ, ʧʝʨʝʚʘʣʦʚ, ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʩʝʪʝʡ ʠ ʦʙʲʝʢʪʦʚ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʧʦʛʨʝʰʥʦʩʪʝʡ, ʚʳʟʚʘʥʥʳʭ ʠʩʢʘʞʝʥʠʷʤ ʠ ʦʩʦʙʝʥʥʦʩʪʷʤ ʚʳʙʨʘʥʥʳʭ 

ʩʠʩʪʝʤ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʳ ʠʭ ʤʠʥʠʤʠʟʘʮʠʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ. ʇʨʦʚʦʜʠʤʳʡ 

ʘʥʘʣʠʟ ʧʦʟʚʦʣʠʪ ʨʘʟʨʘʙʦʪʘʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʚʳʙʦʨʫ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʝʡ ʧʨʦʝʢʮʠʠ ʠ 

ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʘʩʰʪʘʙʘ ʠ ʭʘʨʘʢʪʝʨʘ ʢʦʥʢʨʝʪʥʳʭ ʟʘʜʘʯ. ɿʥʘʯʠʪʝʣʴʥʦʝ 

ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʚʦʧʨʦʩʘʤ ʧʨʠʤʝʥʝʥʠʷ ʩʠʩʪʝʤ ʚ ʫʩʣʦʚʠʷʭ ʩʣʦʞʥʦʛʦ ʨʝʣʴʝʬʘ ʂʳʨʛʳʟʩʢʦʡ 

ʈʝʩʧʫʙʣʠʢʠ, ʯʪʦ ʪʨʝʙʫʝʪ ʫʯʝʪʘ ʣʦʢʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʠ ʩʧʝʮʠʬʠʢʠ ʧʨʦʝʢʪʠʨʫʝʤʳʭ ʦʙʲʝʢʪʦʚ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʫʜʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʧʦʚʳʰʝʥʠʶ ʪʦʯʥʦʩʪʠ ʛʝʦʜʝʟʠʯʝʩʢʠʭ 

ʠʟʤʝʨʝʥʠʡ, ʦʧʪʠʤʠʟʘʮʠʠ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʠ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʠʥʪʝʛʨʘʮʠʠ 

ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʝʪʠ ʩ ʥʘʮʠʦʥʘʣʴʥʦʡ ʩʠʩʪʝʤʦʡ ʢʦʦʨʜʠʥʘʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʪʘʪʴʷ ʚʥʦʩʠʪ ʚʢʣʘʜ 

ʚ ʨʘʟʚʠʪʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʠʭ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʠʥʞʝʥʝʨʥʳʭ ʠ ʥʘʫʯʥʳʭ ʨʘʙʦʪʘʭ. 

 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʇʨʦʠʟʚʝʜʝʥ ʦʙʟʦʨ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʡ, ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʠ ʤʝʪʦʜʠʯʝʩʢʠʭ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʧʨʠʤʝʥʝʥʠʶ 
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ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʧʨʦʝʢʮʠʡ ʠ ʢʦʦʨʜʠʥʘʪʥʳʭ ʩʠʩʪʝʤ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʦʧʨʝʜʝʣʠʪʴ ʪʝʢʫʱʠʡ ʫʨʦʚʝʥʴ 

ʪʝʭʥʦʣʦʛʠʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʚ ʦʙʣʘʩʪʠ. 

ɺʳʧʦʣʥʝʥʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʦʮʝʥʢʘ ʠʩʢʘʞʝʥʠʡ, ʪʠʧʠʯʥʳʭ ʜʣʷ ʧʨʦʝʢʮʠʠ 

ɻʘʫʩʩʘïʂʨʶʛʝʨʘ ʠ ʩʪʝʨʝʦʛʨʘʬʠʯʝʩʢʠʭ ʧʨʦʝʢʮʠʡ, ʩ ʫʯʝʪʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʝʣʴʝʬʘ, ʟʦʥ ʠ 

ʤʘʩʰʪʘʙʘ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʀʩʧʦʣʴʟʦʚʘʣʠʩʴ ʬʦʨʤʫʣʳ ʜʣʷ ʦʮʝʥʢʠ ʣʠʥʝʡʥʳʭ ʠ ʫʛʣʦʚʳʭ 

ʠʩʢʘʞʝʥʠʡ, ʘ ʪʘʢʞʝ ʤʝʪʦʜʦʚ ʯʠʩʣʝʥʥʦʛʦ ʘʥʘʣʠʟʘ. ʇʨʦʚʝʜʝʥʳ ʵʤʧʠʨʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʘʙʦʪʳ, ʧʦʣʝʚʳʝ ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʇʨʝʞʜʝ ʯʝʤ ʧʨʠʩʪʫʧʠʪʴ ʢ ʨʝʰʝʥʠʶ ʵʪʦʡ ʟʘʜʘʯʠ, ʨʘʩʩʤʦʪʨʠʤ ʩʦʚʨʝʤʝʥʥʫʶ ʧʨʘʢʪʠʢʫ 

ʧʨʠʤʝʥʝʥʠʷ ʧʨʦʝʢʮʠʠ ʠ ʢʦʦʨʜʠʥʘʪ ɻʘʫʩʩʘ-ʂʨʶʛʝʨʘ ʚ ʠʥʞʝʥʝʨʥʳʭ ʛʦʨʦʜʩʢʠʭ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʠ 

ʤʘʨʢʰʝʡʜʝʨʩʢʠʭ ʨʘʙʦʪʘʭ. ʉ ʨʘʟʚʠʪʠʝʤ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʠ ʛʦʨʦʜʩʢʠʭ ʨʘʙʦʪ 

ʥʝʜʦʩʪʘʪʢʠ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ɻʘʫʩʩʘ-ʂʨʶʛʝʨʘ ʧʨʠʚʝʣʠ ʢ ʪʦʤʫ, ʯʪʦ ʝʝ ʩʪʘʣʠ ʧʦʩʪʝʧʝʥʥʦ 

ʟʘʤʝʥʷʪʴ ʫʩʣʦʚʥʳʤʠ ʤʝʩʪʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʢʦʦʨʜʠʥʘʪ, ʢʦʪʦʨʳʝ ʙʦʣʝʝ ʠʣʠ 

ʤʝʥʝʝ ʦʪʚʝʯʘʣʠ ʪʨʝʙʦʚʘʥʠʷʤ ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʥʦʡ ʠ ʤʘʨʢʰʝʡʜʝʨʩʢʦʡ ʧʨʘʢʪʠʢʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʂʳʨʛʳʟʩʪʘʥʘ [4].  

ʂʨʘʪʢʦ ʧʨʦʩʣʝʜʠʤ ʩʦʚʨʝʤʝʥʥʫʶ ʧʨʘʢʪʠʢʫ ʧʨʠʤʝʥʝʥʠʷ ʧʨʦʝʢʮʠʠ ʠ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʚ 

ʛʣʘʚʥʝʡʰʠʭ ʦʙʣʘʩʪʷʭ ʠʥʞʝʥʝʨʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʚ ʯʘʩʪʥʦʩʪʠ: ʚ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ 

ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʨʘʙʦʪʘʭ; ʚ ʛʠʜʨʦ-ɻ ʥʝʨʛʦ-ʩʪʨʦʠʪʝʣʴʩʪʚʝ; ʚ ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʩʪʚʝ; ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʤ ʠ ʛʨʘʞʜʘʥʩʢʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ; ʚ ʛʦʨʥʦ-ʤʘʨʢʰʝʡʜʝʨʩʢʠʭ ʨʘʙʦʪʘʭ. ʇʨʠ 

ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʨʘʙʦʪʘʭ ʂʳʨʛʳʟʩʪʘʥʘ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʘʷ 

ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʪʦʯʥʦʩʪʠ, ʧʦʨʷʜʢʘ 1:1000-1:1500, ʧʨʦʠʟʚʦʜʠʤʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ 

ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʨʘʙʦʪ ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʷʪʴ ʧʨʦʝʢʮʠʶ ʠ ʢʦʦʨʜʠʥʘʪʳ ɻʘʫʩʩʘ-ʂʨʶʛʝʨʘ 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʫʯʘʩʪʢʘ ʦʪ ʦʩʝʚʦʛʦ ʤʝʨʠʜʠʘʥʘ 3-ʭ ʠʣʠ 6Á ʟʦʥʳ. 

ʆʜʥʘʢʦ, ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʪʦʯʥʦʩʪʠ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʠ ʩʲʝʤʦʯʥʳʭ ʨʘʙʦʪ, 

ʚʳʧʦʣʥʷʝʤʳʭ ʚ ʤʘʩʰʪʘʙʘʭ 1:2000-1:500 ʜʣʷ ʠʥʞʝʥʝʨʥʦʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʠ ʢʦʨʝʥʥʳʤ 

ʦʙʨʘʟʦʤ ʤʝʥʷʶʪ ʧʦʩʪʘʥʦʚʢʫ ʚʦʧʨʦʩʘ ʦ ʚʳʙʦʨʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦʡ ʧʨʦʝʢʮʠʠ [5, 6]. 

ʇʨʠʤʝʤ ʧʨʝʜʝʣʴʥʫʶ ʛʨʘʬʠʯʝʩʢʫʶ ʪʦʯʥʦʩʪʴ mD ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʡ ʩʲʝʤʢʠ ʜʣʷ ʪʦʯʢʠ D 

(ʈʠʩʫʥʦʢ), ʦʧʨʝʜʝʣʷʝʤʦʡ ʠʟ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʧʨʠʚʷʟʢʠ, ʪʦʛʜʘ, ʩʣʝʜʫʷ ʨʘʩʩʫʞʜʝʥʠʷʤʠ ʩʨʝʜʥʶʶ 

ʢʚʘʜʨʘʪʠʯʝʩʢʫʶ ʦʰʠʙʢʫ ʪʦʯʢʠ ʢ ʩʝʪʠ ʩʛʫʱʝʥʠʷ, ʢʘʢ ʦʧʦʨʥʦʡ, ʚ ʭʫʜʰʝʤ ʩʣʫʯʘʝ ʥʫʞʥʦ ʠʤʝʪʴ ʚ 

ʜʚʘ ʨʘʟʘ ʤʝʥʴʰʫʶ, ʯʝʤ mD, ʪ.ʝ. 
 

mk=   (1) 

 

 
ʈʠʩʫʥʦʢ. ʊʦʧʦʛʨʘʬʠʯʝʩʢʦʡ ʩʲʝʤʢʠ ʜʣʷ ʪʦʯʢʠ D 
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ʇʨʠ ʩʦʙʣʶʜʝʥʠʠ ʪʘʢʦʛʦ ʪʨʝʙʦʚʘʥʠʷ ʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʝʪʠ (ʧʫʥʢʪʳ ɸ, ɺ, 

ʉ) ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʪʦʯʥʦʩʪʴ ʚ 2-3 ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʪʦʯʥʦʩʪʴ ʨʘʟʚʠʚʘʝʤʦʡ ʩʝʪʠ ʩʛʫʱʝʥʠʷ, 

ʧʦʩʢʦʣʴʢʫ ʦʥʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʡ ʩʲʝʤʢʠ, ʥʦ ʠ ʜʣʷ ʮʝʣʦʛʦ ʨʷʜʘ 

ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ, ʚʳʧʦʣʥʷʝʤʳʭ ʜʣʷ ʧʨʦʝʢʪʥʳʭ ʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘʙʦʪ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 
 

mB=Í  (2) 

 

ʛʜʝ Í ð ʩʨʝʜʥʷʷ ʢʚʘʜʨʘʪʠʯʝʩʢʘʷ ʦʰʠʙʢʘ ʚ ʜʣʠʥʝ ʩʪʦʨʦʥʳ ʪʨʠʘʥʛʫʣʷʮʠʠ, ʧʨʠʨʘʚʥʝʥʥʘʷ 

ʢ ʦʰʠʙʢʝ ʦʧʨʝʜʝʣʝʥʠʷ ʧʫʥʢʪʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʩʦʛʣʘʩʥʦ ʠʥʩʪʨʫʢʮʠʠ ʜʣʷ ʧʦʩʣʝʜʥʝʡ ʩʪʫʧʝʥʠ 

ʩʲʝʤʢʠ ʚ ʤʘʩʰʪʘʙʝ 1:500 ʧʨʠ ʪʦʯʥʦʩʪʠ ʧʦʩʪʨʦʝʥʠʷ ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʡ ʦʩʥʦʚʳ ʛʝʦʣʦʛʠʯʝʩʢʠʭ 

ʢʘʨʪ ʨʘʚʥʦʡ Ñ0,3ʤʤ, ʠʤʝʝʤ Í =0,15 ʤ, Í=0,075 ʤ, Í=0,038 ʤ. 

ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʩʘʤʘʷ ʩʣʘʙʘʷ ʩʪʦʨʦʥʘ ʪʨʠʘʥʛʫʣʷʮʠʠ 4 ʢʣʘʩʩʘ ʜʣʠʥʦʡ 2 ʢʤ ʜʦʣʞʥʘ 

ʦʧʨʝʜʝʣʷʪʴʩʷ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʦʰʠʙʢʦʡ 
Ȣ
 =  . ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʦʰʠʙʢʘ ʩʝʪʠ 

ʩʛʫʱʝʥʠʷ, ʧʨʦʣʦʞʝʥʥʦʡ ʤʝʞʜʫ ʧʫʥʢʪʘʤʠ ʪʨʠʘʥʛʫʣʷʮʠʠ 4 ʢʣʘʩʩʘ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 
 

ρ

ὔ

ςά

ςυππ

ρ

ρχπππ
 

(3) 

 

ɼʣʷ ʩʲʝʤʦʯʥʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ, ʧʨʠ ʜʣʠʥʝ ʪʝʦʜʦʣʠʪʥʦʛʦ ʭʦʜʘ ʤʝʞʜʫ ʪʦʯʢʘʤʠ 

ʧʦʣʠʛʦʥʦʤʝʪʨʠʠ ʨʘʚʥʦʡ 0.5 ʢʤ, ʧʦʣʫʯʠʤ 
Ȣ

 

ʆʪʢʫʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʝʩʣʠ ʧʦʣʴʟʦʚʘʪʴʩʷ ʯʠʩʣʝʥʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʩʲʝʤʦʢ ʚ ʧʨʦʝʢʮʠʠ 

ɻʘʫʩʩʘ-ʂʨʶʛʝʨʘ, ʪʦ ʧʨʠ ʚʳʥʦʩʝ ʧʨʦʝʢʪʦʚ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʚ ʥʘʪʫʨʫ ʤʳ 

ʜʦʣʞʥʳ ʠ ʫʛʣʳ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ, ʚʚʦʜʠʪʴ ʧʦʧʨʘʚʢʠ ʟʘ ʧʝʨʝʭʦʜ ʩ ʧʣʦʩʢʦʩʪʠ ʥʘ 

ʵʣʣʠʧʩʦʠʜʝ. ʕʪʦ, ʢʦʥʝʯʥʦ, ʜʦʩʪʘʚʣʷʝʪ ʙʦʣʴʰʝ ʥʝʫʜʦʙʩʪʚʘ ʚ ʚʳʯʠʩʣʝʥʠʷʭ. ʇʦʵʪʦʤʫ, ʯʪʦʙʳ 

ʠʟʙʝʞʘʪʴ ʵʪʦʛʦ ʥʘ ʧʨʘʢʪʠʢʝ ʚʝʩʴʤʘ ʯʘʩʪʦ ʧʦʣʴʟʫʶʪʩʷ ʤʝʩʪʥʦʡ ʩʠʩʪʝʤʦʡ ʢʦʦʨʜʠʥʘʪ [7].  

ɺ ʛʠʜʨʦ-ɻ ʥʝʨʛʦʩʪʨʦʠʪʝʣʴʩʪʚʦ ʧʣʘʥʳ ʚʳʧʦʣʥʷʶʪʩʷ  ʚ ʤʘʩʰʘʙʝ 1:5000-1:500 ʚʣʠʙʦ ʚ 

ʧʨʦʝʢʮʠʠ ɻʘʫʩʩʘ-ʂʶʛʝʨʘ ʚ 30-ʭ ʟʦʥʘʭ, ʣʠʙʦ ʚ ʤʝʩʪʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʚʠʜʘ ʟʘ ʧʨʦʝʢʪʠʨʦʚʘʥʥʦʛʦ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʛʦ ʩʦʦʨʫʞʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ 

ʪʦʯʥʦʩʪʴ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʨʘʙʦʪ, ʢʦʪʦʨʘʷ ʩʦʛʣʘʩʥʦ ʠʥʩʪʨʫʢʮʠʷʤ ʧʦ ʠʥʞʝʥʝʨʥʦ-

ʛʝʦʜʝʟʠʯʝʩʢʠʤ ʨʘʙʦʪʘʤ ʜʣʷ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʦʛʦ ʩʪʨʠʪʝʣʴʩʪʚʘ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʘʷ ʠ ʩʦʩʪʘʚʣʷʝʪ 

ʦʪ 20 ʜʦ 1 ʤʤ. ʊʦʯʥʦʩʪʴ ʦʙʳʯʥʳʭ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʩʝʪʝʡ ʚ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʥʝ ʚʩʝʛʜʘ ʫʜʦʚʣʝʪʚʦʨʷʝʪ 

ʫʢʘʟʘʥʥʦʤʫ ʜʦʧʫʩʢʫ. ʇʦʵʪʦʤʫ ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʧʝʮʠʘʣʴʥʘʷ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʘʷ 

ʪʨʠʘʥʛʫʣʷʮʠʷ ʪʨʝʭ ʨʘʟʨʷʜʦʚ. ʆʩʦʙʝʥʥʦʩʪʴ ʝʝ ʟʘʢʣʶʯʘʝʪʩʷ  ʚ ʪʦʤ, ʯʪʦ  ʧʨʠ ʥʘʣʠʯʠʠ ʢʦʨʦʪʢʠʭ 

ʩʪʦʨʦʥ ʩʝʪʠ, ʦʥʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʫʯʝʥʠʝ ʜʣʠʥ ʩʪʦʨʦʥ, ʫʛʣʦʚ  ʠ ʢʦʦʨʜʠʥʘʪ ʩ ʚʳʩʦʢʦʡ  ʩʪʝʧʝʥʴʶ 

ʪʦʯʥʦʩʪʠ. ʇʦʢʘʟʳʚʘʶʪ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʦʯʥʦʩʪʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʛʝʦʜʝʟʠʯʝʩʢʦʡ 

ʩʝʪʠ ʂʳʨʛʳʟʩʪʘʥʘ, ʯʪʦ  ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʦʰʠʙʢʘ ʥʘʠʙʦʣʝʝ ʩʣʘʙʦʡ ʩʪʦʨʦʥʳ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʦʡ 

ʪʨʠʘʥʛʫʣʷʮʠʠ  ʥʘʭʦʜʠʪʩʷ ʚ  ʧʨʝʜʝʣʘʭ  ʦʪ 1:70000 ʜʦ 1:200000. ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʥʝ 

ʤʦʞʝʪ ʧʨʝʜʩʪʘʚʠʪʴ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʫʢʘʟʘʥʥʦʡ ʩʝʪʠ ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʪ.ʢ. 

ʦʰʠʙʢʠ ʵʪʠʭ ʜʘʥʥʳʭ ʦʜʥʦʛʦ ʧʦʨʷʜʢʘ ʩ ʩʦʙʦʪʚʝʥʥʦ ʦʰʠʙʢʘʤʠ ʠʟʤʝʨʝʥʠʷ ʥʘʠʙʦʣʝʝ 

ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʩʪʦʨʦʥ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʯʪʦʙʳ ʥʝ ʚʥʦʩʠʪʴ ʦʰʠʙʦʢ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʚ ʩʝʪʠ 

ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʛʦʩʫʣʘʨʩʪʚʝʥʥʳʝ ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʩʝʪʠ ʂʳʨʛʳʟʩʪʘʥʘ ʜʦʣʞʥʳ ʠʤʝʪʴ 

ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʦʰʠʙʢʠ ʩʣʘʙʦ ʦʧʨʝʜʝʣʣʝʥʳʭ ʩʪʦʨʦʥ ʦʪ 1:40000 ʜʦ 1:400000. 

ʇʦʵʪʦʤʫ ʛʝʦʜʝʟʠʯʝʢʠʝ ʩʝʪʠ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʦʡ ʪʨʠʘʥʛʫʣʷʮʠʠ ʩʣʝʜʫʝʪ ʩʦʟʜʘʚʘʪʴ ʥʘ 

ʩʦʙʩʪʚʝʥʥʳʭ ʙʘʟʠʩʘʭ, ʠʩʧʦʣʴʟʫʷ ʣʠʰʴ ʦʨʠʝʥʪʠʨʦʚʢʫ ʥʘʧʨʘʚʣʝʥʠʡ ʠ ʢʦʦʨʜʠʥʘʪʳ ʦʜʥʦʛʦ 

ʠʟʧʫʥʢʪʦʚ ʛʦʦʫʜʘʨʩʪʚʝʥʥʦʡ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʝʪʠ. ɺʳʩʦʢʦʪʦʯʥʘʷ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʘʷ 

ʛʝʦʜʝʟʠʯʝʩʢʘʷ ʩʝʪʴ ʜʦʣʞʥʘ ʦʙʨʘʙʘʪʳʚʘʪʴʩʷ ʚ ʪʘʢʦʡ ʧʨʦʝʢʮʠʠ ʢʦʪʦʨʦʷ ʜʘʣʘ ʙʳ ʥʝʦʱʫʪʠʤʤʝ 

ʠʩʢʘʞʝʥʠʷ  ʨʘʩʩʪʦʷʥʠʡ ʠ ʨʝʜʫʢʮʠʠ ʫʛʣʦʚ. 
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ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʚʦʧʨʦʩʳ ʮʝʣʝʩʦʦʙʨʘʟʥʦʛʦ ʚʳʙʦʨʘ ʧʦʚʝʨʠʥʦʩʪʠ ʦʪʥʦʩʠʤʦʩʪʠ ʠ ʦʩʝʚʦʛʦ 

ʤʝʨʠʜʠʘʥʘ ʚ ʛʠʜʨʦ-ɻ ʥʝʨʛʦʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠʤʝʶʪ ʙʦʣʴʰʦʝ ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ. ʊʘʢ, ʢ 

ʧʨʠʤʝʨʫ, ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʚʳʩʦʢʦʪʦʯʥʳʡ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʡ ʪʨʠʘʥʛʫʣʷʮʠʠ 2 ʨʘʟʨʷʜʘ, 

ʚʳʧʦʣʥʝʥʥʦʡ ʘʚʪʦʨʦʤ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʚʳʩʢʦʛʦʨʥʦʛʦ ʂʠʨʦʚʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʚ 

ʪʝʨʨʠʪʦʨʠʠ ʂʳʨʛʳʟʩʪʘʥʘ, ʧʨʠʰʣʦʩʴ ʚʦʦʙʱʝ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʧʨʦʝʢʮʠʠ ɻʘʫʩʩʘ-ʂʨʶʛʝʨʘ, 

ʧʦʩʢʦʣʴʢʫ ʜʣʠʥʘ ʧʣʦʪʠʥʳ ʚ 257 ʤ, ʚʳʯʠʩʣʝʥʥʘʷ ʚ ʥʝʡ, ʥʘ 50 ʤʤ ʙʦʣʴʰʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ, ʘ 

ʦʪʚʦʜʥʦʛʦ ʪʦʥʥʝʣʷ ʜʣʠʥʦʡ 360 ʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘ +68 ʤʤ. 

ʇʦ ʊʦʢʪʦʛʫʣʴʩʢʦʡ ɻʕʉ ʩʦʦʪʚʝʪʩʪʚʫʱʠʝ ʚʝʣʠʯʠʥʳ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ. ɽʩʪʝʩʪʚʝʥʥʦ, ʯʪʦ 

ʥʘ ʧʨʘʢʪʠʢʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʝʩʣʠ ʦʥʠ ʚʳʯʠʩʣʝʥʳ ʚ ʧʨʦʝʢʮʠʠ 

ɻʘʫʩʩʘ-ʂʨʶʛʝʨʘ, ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʚʦʟʥʠʢʘʶʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʪʨʫʜʥʦʩʪʠ. ɼʣʷ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ  ʛʦʨʦʜʦʚ ʩʦʛʣʘʩʥʦ ʉʅʠʇ ʂʈ 10-01:2017 ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ 

ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʝ ʢʘʨʪʳ ʠ ʧʣʘʥʳ ʚ ʤʘʩʰʪʘʙʦʚ 1:10000-1:500. ʅʘʩʪʦʷʱʠʝ ʩʪʨʦʠʪʝʣʴʥʳʝ ʥʦʨʤʳ 

ʦʧʨʝʜʝʣʷʶʪ ʦʩʥʦʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ, ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʂʳʨʛʳʟʩʪʘʥʘ ʢ ʩʦʩʪʘʚʫ ʠ 

ʩʦʜʝʨʞʘʥʠʶ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʨʷʜʢʫ ʨʘʟʨʘʙʦʪʢʠ, ʨʘʩʩʤʦʪʨʝʥʠʷ, ʩʦʛʣʘʩʦʚʘʥʠʷ ʠ ʫʪʚʝʨʞʜʝʥʠʷ ʚʩʝʭ 

ʩʪʘʜʠʡ ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ. ʀʟ ʚʩʝʭ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʢʘʨʪʘʛʨʘʬʠʯʝʩʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ ʢʘʨʪʳ ʠ ʧʣʘʥʳ ʤʘʩʰʪʘʙʦʚ 1:10000-1:5000 ʚʳʧʦʣʥʷʶʪʩʷ ʦʙʳʯʥʦ ʚ ʧʨʦʝʢʮʠʠ ʠ ʧʦ 

ʢʦʦʨʜʠʥʘʪʘʤ ɻʘʫʩʩʘ-ʂʨʶʛʝʨʘ, ʘ ʦʩʪʘʣʴʥʳʝ ʣʠʙʦ ʚ ʫʩʣʦʚʥʥʦʡ, ʣʠʙʦ ʚ ʤʝʩʪʥʦʡ ʩʠʩʪʝʤʝ 

ʢʦʦʨʜʠʥʘʪ. ʏʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʪʦʯʥʦʩʪʴ  ʠʟʦʙʨʘʞʘʝʤʳʭ ʧʨʝʜʤʝʪʦʚ ʛʦʨʦʜʩʢʠʭ ʪʝʨʨʠʪʦʨʪʠʡ ʩʦ 

ʩʣʦʞʥʳʤ  ʥʘʜʟʝʤʥʠʤ ʠ ʧʦʜʟʝʤʥʳʤ  ʭʦʟʷʡʩʪʚʦʤ  ʚ ʧʦʣʝʜʥʝʡ ʩʪʘʜʠʠ ʩʲʝʤʦʢ ʚ ʤʘʩʰʪʘʙʝ 1:500, 

ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʷʪʴ ʪʦʯʢʠ ʩʲʝʤʦʯʥʳʭ ʭʦʜʦʚ ʩʦ ʩʨʝʜʥʝʡ ʢʚʘʜʨʘʪʠʯʝʩʢʦʡ ʦʰʠʙʢʦʡ Ñ0,2 ʤʤ 

ʥʘ ʧʣʘʥʝ ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ md = Ñ 0,10 ʤ ʥʘ ʤʝʩʪʥʦʩʪʠ. ʆʯʝʚʠʜʥʦ, ʩʦʟʜʘʥʥʦʝ ʧʦʩʪʦʷʥʥʦʝ 

ʦʙʦʩʥʦʚʘʥʠʝ ʪʘʢʦʡ ʪʦʯʥʦʩʪʠ ʙʫʜʝʪ ʜʦʩʪʘʪʦʯʥʳʤ ʧʨʠ ʨʝʰʝʥʠʠ ʤʥʦʛʠʭ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ 

ʟʘʜʘʯ ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʩʪʚʘ. 

ʇʝʨʝʥʝʩʝʥʠʝ ʚ ʥʘʪʫʨʫ ʧʨʦʝʢʪʦʚ ʧʣʘʥʠʨʦʚʢʠ ʠ ʟʘʩʪʨʦʡʢʠ ʛʦʨʦʜʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʜʝʡʩʪʚʠʝʤ ʦʙʨʘʪʥʳʤ ʩʲʝʤʢʝ ʤʝʩʪʥʦʩʪʠ. ɻʝʦʜʝʟʠʯʝʩʢʠʝ ʨʘʟʙʠʚʦʯʥʳʝ ʨʘʙʦʪʳ ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʩʣʫʯʘʝʚ ʧʦ ʪʦʯʥʦʩʪʠ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʚʳʰʝ ʪʦʯʥʦʩʪʠ ʨʘʙʦʪ, ʧʨʦʠʟʚʦʜʠʤʳʭ ʧʨʠ ʩʲʝʤʢʝ. ɼʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʟʙʠʚʢʠ, ʘ ʪʘʢʞʝ ʜʣʷ ʢʦʥʪʨʦʣʷ ʝʝ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʧʦʣʦʞʝʥʠʝ ʧʫʥʢʪʦʚ 

ʨʘʟʙʠʚʦʯʥʦʡ ʦʧʦʨʥʦʡ ʩʝʪʠ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʩ ʪʦʯʥʦʩʪʴʶ ʚ 2 ʨʘʟʘ ʙʦʣʴʰʝ ʪʦʡ ʢʦʪʦʨʘʷ ʧʨʠʥʷʪʘ 

ʧʨʠ ʨʘʟʙʠʚʢʝ ʩʦʦʨʫʞʝʥʠʡ. ʇʦʵʪʦʤʫ ʧʨʝʜʝʣʴʥʘʷ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʦʰʠʙʢʘ ʚʟʘʠʤʥʦʛʦ ʧʦʣʦʞʝʥʠʷ 

ʧʫʥʢʪʦʚ ʧʣʘʥʦʚʦʡ ʦʧʦʨʥʦʡ ʩʝʪʠ ʚ ʧʦʩʣʝʜʥʝʡ ʩʪʘʜʠʠ ʜʦʣʞʥʘ ʙʳʪʴ ʧʨʠʥʷʪʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

1:5000, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 2 ʨʘʟʨʷʜʫ ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʛʦʨʦʜʩʢʦʡ ʧʦʣʠʛʦʥʦʤʝʪʨʠʠ. ʉʦʟʜʘʥʥʦʝ 

ʧʣʘʥʦʚʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʪʘʢʦʡ ʪʦʯʥʦʩʪʠ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ɻʘʫʩʩʘ-ʂʨʶʛʝʨʘ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ 

ʧʨʘʢʪʠʢʠ ʛʦʨʦʜʩʢʠʭ ʨʘʙʦʪ ʧʦʪʨʝʙʫʝʪ ʦʙʨʘʪʥʦʛʦ ʧʝʨʝʭʦʜʘ ʢ ʥʘʪʫʨʘʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ ʜʣʠʥ 

ʩʪʦʨʦʥ ʠ ʫʛʣʦʚ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ, ʧʨʠ ʚʳʧʦʣʥʝʥʠʝ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʨʘʙʦʪ ʩ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʦʰʠʙʢʦʡ ʚʳʰʝ 1:2500 ʜʣʷ ʨʘʟʙʠʚʢʠ ʫʥʠʢʘʣʴʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʠ ʢʦʤʤʫʥʠʢʘʮʠʡ 

ʧʦʪʨʝʙʫʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʝ ʣʦʢʘʣʴʥʳʝ ʩʝʪʠ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʠʣʠ ʥʘ 

ʩʦʙʩʪʚʝʥʥʳʭ ʙʘʟʠʩʘʭ, ʠʟʤʝʨʝʥʥʳʭ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʪʦʯʥʦʩʪʠ ʙʝʟ ʚʚʝʜʝʥʠʷ ʢʘʢʠʭ-ʣʠʙʦ 

ʧʦʧʨʘʚʦʢ ʚ ʜʣʠʥʳ ʩʪʦʨʦʥ ʠ ʫʛʣʦʚ. ɻʝʦʜʝʟʠʯʝʩʢʠʝ ʩʲʝʤʢʠ ʪʝʨʨʠʪʦʨʠʡ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʡ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʩʧʝʮʠʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ, ʧʦ ʤʝʪʦʜʫ ʚʳʧʦʣʥʝʥʠʷ ʙʣʠʟʢʠ ʢ 

ʛʦʨʦʜʩʢʠʤ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʤ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʦʯʥʦʩʪʴ ʪʨʠʘʥʛʫʣʷʮʠʠ, ʧʦʣʠʛʦʥʦʤʝʪʨʠʠ ʠ 

ʩʝʪʝʡ ʩʛʫʱʝʥʠʷ ʦʜʠʥʘʢʦʚʦʡ ʩ ʨʘʩʩʯʠʪʘʥʥʦʡ ʜʣʷ ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʩʪʚʘ. ʆʪʥʦʩʠʪʝʣʴʥʳʝ ʥʝʚʷʟʢʠ 

ʪʝʦʜʦʣʠʪʥʳʭ ʭʦʜʦʚ ʥʝ ʜʦʣʞʥʳ ʧʨʝʚʳʰʘʪʴ 1:2500 ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʜʣʠʥʝ ʭʦʜʘ 0,5 ʢʤ. 

ʆʜʥʘʢʦ ʧʨʠ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʘʭ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠʟ ʩʙʦʨʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʵʣʝʤʝʥʪʦʚ 

ʪʨʝʙʫʝʪʩʷ ʥʘʠʙʦʣʴʰʘʷ ʪʦʯʥʦʩʪʴ ʧʨʠ ʨʘʟʙʠʚʢʝ ʟʜʘʥʠʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʦʯʥʦʩʪʴʶ ʨʘʟʙʠʚʢʠ 

ʢʠʨʧʠʯʥʳʭ ʩʦʦʨʫʞʝʥʠʡ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʪʨʝʙʦʚʘʥʠʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʠ ʛʨʘʞʜʘʥʩʢʦʛʦ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʢ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʜʝʟʠʯʝʩʢʠʤ ʨʘʙʦʪʘʤ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ, 

ʯʘʱʝ ʚʦʟʥʠʢʘʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʩʦʟʜʘʥʠʠ ʩʧʝʮʠʘʣʴʥʦʛʦ ʚʳʩʦʢʦʪʦʯʥʦʛʦ ʛʝʦʜʝʟʠʯʝʩʢʦʛʦ 
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ʦʙʦʩʥʦʚʘʥʠʷ. ʇʦʵʪʦʤʫ ʤʥʦʛʦ ʧʨʦʝʢʪʥʳʝ ʠ ʩʪʨʦʠʪʝʣʴʥʳʝ ʦʨʛʘʥʠʟʘʮʠʠ ʧʦʣʴʟʫʶʪʩʷ 

ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʤʠ ʧʣʘʥʘʤʠ ʤʘʩʰʪʘʙʦʚ 1:2000-1:500 ʠ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ   ʜʘʥʥʳʤʠ ʚ ʫʩʣʦʚʥʦʡ 

ʠʣʠ ʤʝʩʪʥʦʡ ʩʠʩʪʝʤʘʭ ʢʦʦʨʜʠʥʘʪ, ʪʘʢ ʢʘʢ ʨʘʟʤʝʨʳ ʢʨʫʧʥʝʡʰʠʭ ʩʦʦʨʫʞʝʥʠʡ ʜʣʠʥʦʡ ʙʦʣʝʝ 1ʢʤ 

ʚʳʥʝʩʝʥʥʳʝ ʚ ʥʘʪʫʨʫ ʧʦ ʛʝʦʜʝʟʠʯʝʩʢʦʤʫ ʦʙʦʩʥʦʚʘʥʠʶ ʚ ʧʨʦʝʢʮʠʠ ɻʘʫʩʩʘ-ʂʨʶʛʝʨʘ, ʥʘ ʢʨʘʶ 

3Ј -ʭ ʟʦʥ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʜʦ 20 ʩʤ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ ʪʝʭʥʠʯʝʩʢʠʝ ʜʦʧʫʩʢʠ  ʚ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ. ɺ ʛʦʨʥʦ-ʤʘʨʢʰʝʡʜʝʨʩʢʠʭ ʨʘʙʦʪʘʭ ʂʳʨʛʳʟʩʪʘʥʘ ʛʦʨʘʟʜʦ ʯʘʱʝ, ʯʝʤ ʚ ʜʨʫʛʠʭ ʠʟ-

ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʠʩʢʘʞʝʥʠʡ ʧʨʦʝʢʮʠʠ ɻʘʫʩʩʘ-ʂʨʶʛʝʨʘ, 

ʧʨʠʤʝʥʷʝʪʩʷ ʫʩʣʦʚʥʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ, ʧʨʠʚʝʜʝʥʥʘʷ ʢ ʩʨʝʜʥʝʡ ʫʨʦʚʥʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʫʯʘʩʪʢʘ ʛʦʨʥʳʭ ʨʘʙʦʪ. ʊʘʢ ʢ ʧʨʠʤʝʨʫ, ʝʩʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʣʘʥʦʚʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʜʣʷ 

ʘʚʪʦʜʦʨʦʞʥʦʛʦ ʪʦʥʥʝʣʷ ʊʦʦ-ɸʰʫʫ ʧʦ ʪʨʘʩʩʝ ɹʠʰʢʝʢ-ʆ ,h ʜʣʠʥʦʡ 2370 ʤ ʚ ʧʨʦʝʢʮʠʠ ɻʘʫʩʩʘ-

ʂʨʶʛʝʨʘ, ʪʦ ʜʣʷ ʢʨʘʷ 3Ј -ʡ ʟʦʥʳ (y m=120 ʢʤ) ʧʦʜ ʰʠʨʦʪʦʡ 45Ј , ʧʦʣʫʯʠʤ ЎὛЈ Ὓ

Ὓ πȟτχτ ̍. 

ɸ ʝʩʣʠ ʫʯʝʩʪʴ ʰʠʨʦʢʠʡ ʨʘʟʤʘʭ ʛʦʨʥʦ-ʤʘʨʢʰʝʡʜʝʨʩʢʠʭ ʨʘʙʦʪ (ʥʘʧʨʠʤʝʨ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ 

ʪʦʥʥʝʣʷ ʯʝʨʝʟ ʧʝʨʝʚʘʣ ʂʦʢ-ɸʨʪ ʜʣʠʥʦʡ 3,8 ʢʤ ʚ ʂʳʨʛʳʟʩʪʘʥʝ. ɺʩʝʛʦ ʥʘ ʦʙʲʝʢʪʝ ʧʨʦʡʜʝʥʦ 3 

861,9 ʤ ʠʟ 3 890), ʪʦ ʩʪʘʥʝʪ ʷʩʥʳʤ ʠ ʚʦʧʨʦʩ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʤʝʞʜʫ ʪʦʯʥʦʩʪʴʶ ʩʧʝʮʠʘʣʴʥʦʛʦ 

ʦʙʦʩʥʦʚʘʥʠʷ ʠ ʠʩʢʘʞʝʥʠʷʤʠ ʧʨʦʝʢʮʠʠ. ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʙʳʣʘ ʚʳʙʨʘʥʘ ʨʝʘʣʴʥʦ 

ʩʫʱʝʩʪʚʫʶʱʘʷ ʪʝʨʨʠʪʦʨʠʷ ʚ ʂʳʨʛʳʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʝ, ʘ ʠʤʝʥʥʦ, ʨʘʡʦʥ ʚʳʩʦʢʦʛʦʨʥʦʛʦ ʪʦʥʥʝʣʷ 

ʊʦʦ-ɸʰʫʫ ʠ ʂʦʢ-ɸʨʪ. ɿʥʘʤʝʥʠʪʳʡ ʧʝʨʝʚʘʣ ʊʦʦ-ɸʰʫʫ ʥʘʭʦʜʠʪʩʷ ʚ ʛʦʨʘʭ ɸʣʘ-ʊʦʦ ʥʘ 

ʩʪʨʘʪʝʛʠʯʝʩʢʦʡ ʪʨʘʩʩʝ ɹʠʰʢʝʢ-ʆʰ, ʢʦʪʦʨʘʷ ʩʦʝʜʠʥʷʝʪ ʩʝʚʝʨʥʳʝ ʠ ʶʞʥʳʝ ʨʝʛʠʦʥʳ 

ʂʳʨʛʳʟʩʪʘʥʘ. ɺʳʩʦʪʘ ʧʝʨʝʚʘʣʘ ð 3 400 ʤ ʥʘʜ ʫ ʤ [7].  

ɸ ʪʘʢʞʝ ʪʦʥʥʝʣʷ ʂʦʢ-ɸʨʪ ʥʘʭʦʜʠʪʩʷ ʥʘ ʛʨʘʥʠʮʝ ʊʦʛʫʟ-ʊʦʨʦʫʩʢʦʛʦ ʠ ʉʫʟʘʢʩʢʦʛʦ ʨʘʡʦʥʦʚ, 

ʥʘ 334-338 ʢʤ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʜʦʨʦʛʠ ʉʝʚʝʨ-ʖʛ. ʉʦʛʣʘʩʥʦ ʪʨʝʙʦʚʘʥʠʷʤʠ, ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʢ 

ʩʪʨʦʠʪʝʣʴʩʪʚʫ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʛʦʨʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ 

ʣʦʢʘʣʴʥʳʭ ʛʝʦʜʝʟʠʯʝʩʢʦ-ʤʘʨʢʰʝʡʜʝʨʩʢʠʭ ʩʝʪʝʡ ʧʦ ʪʠʧʫ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʦʡ ʪʨʠʘʥʛʫʣʷʮʠʠ ʩ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʦʰʠʙʢʦʡ ʩʣʘʙʦ ʦʧʨʝʜʝʣʷʝʤʦʡ ʩʪʦʨʦʥʳ 1:70000-1:200000. ʇʦʜʦʙʥʘʷ 

ʪʨʠʘʥʛʫʣʷʮʠʷ, ʩʦʟʜʘʚʘʝʤʘʷ ʜʣʷ ʢʦʥʪʨʦʣʷ ʥʝʧʦʜʚʠʞʥʦʩʪʠ ʧʫʥʢʪʦʚ, ʦʪ ʢʦʪʦʨʳʭ ʚʝʜʫʪʩʷ 

ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤʠ ʠ ʚʝʨʪʠʢʘʣʴʥʳʤʠ ʩʤʝʱʝʥʠʷʤʠ ʩʦʦʨʫʞʝʥʠʡ ʜʦʣʞʥʘ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʦʣʦʞʝʥʠʷ ʵʪʠʭ ʧʫʥʢʪʦʚ ʩʦ ʩʨʝʜʥʝʡ ʢʚʘʜʨʘʪʠʯʝʩʢʦʡ ʦʰʠʙʢʦʡ ʥʝ ʙʦʣʝʝ Ñ3-5 ʤʤ. 

ɼʦʧʫʩʢʠ ʩʤʝʱʝʥʠʡ ʩʦʦʨʫʞʝʥʠʡ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʞʠʜʘʝʤʳʭ ʚʝʣʠʯʠʥ 

ʦʩʝʜʘʥʠʡ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩ ʜʚʠʞʝʥʠʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʪʦʪ ʢʨʘʪʢʠʡ ʦʙʟʦʨ ʩʦʚʨʝʤʝʥʥʦʡ ʧʨʘʢʪʠʢʠ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʠ 

ʤʘʨʢʰʝʡʜʝʨʩʢʠʭ ʨʘʙʦʪ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʧʨʦʝʢʮʠʠ ʠ ʢʦʦʨʜʠʥʘʪ ɻʘʫʩʩʘ-ʂʨʶʛʝʨʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʙʝʟ ʧʝʨʝʨʘʩʯʝʪʘ ʪʦʧʦʛʨʘʬʦ-ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʠʟ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ, 

ʦʩʦʙʝʥʥʦ ʥʘ ʢʨʘʷʭ ʟʦʥ, ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟʤʝʨʝʥʥʳʝ ʚʝʣʠʯʠʥʳ, ʵʪʠʤʠ ʜʘʥʥʳʤʠ 

ʧʦʣʴʟʦʚʘʪʴʩʷ ʥʝʣʴʟʷ. ɺʩʣʝʜʩʪʚʠʝ ʩ ʵʪʠʤ, ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ ʢʨʫʧʥʝʡʰʠʭ ʩʪʨʦʠʪʝʣʴʩʪʚ ʠ ʛʦʨʦʜʦʚ 

ʩʦ ʩʣʦʞʥʳʤ ʥʘʟʝʤʥʳʤ ʠ ʧʦʜʟʝʤʥʳʤ ʭʦʟʷʡʩʪʚʦʤ, ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʝ ʠ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʜʝʟʠʯʝʩʢʠʝ 

ʨʘʙʦʪʳ ʚ ʪʝʨʨʠʪʦʨʠʠ ʂʳʨʛʳʟʩʪʘʥʘ ʚʳʧʦʣʥʷʶʪʩʷ ʥʘ ʩʧʝʮʠʘʣʴʥʦʡ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʦʩʥʦʚʝ ʠ ʵʪʠ 

ʤʘʪʝʨʠʘʣʳ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʚ ʤʝʩʪʥʳʭ ʩʠʩʪʝʤʘʭ, ʧʨʠʯʝʤ ʪʘʢʠʝ ʨʘʙʦʪʳ ʟʘʯʘʩʪʫʶ ʟʘʥʠʤʘʶʪ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʪʝʨʨʠʪʦʨʠʠ. ɺ ʮʝʣʷʭ ʧʨʘʚʠʣʴʥʦʛʦ ʠ ʧʦʣʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʠ 

ʤʘʨʢʰʝʡʜʝʨʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʠ ʩʲʝʤʦʢ, ʚʳʧʦʣʥʷʝʤʳʭ ʧʨʦʝʢʪʥʳʤʠ ʠ ʩʪʨʦʠʪʝʣʴʥʳʤʠ 

ʦʨʛʘʥʠʟʘʮʠʷʤʠ, ʥʝʦʙʭʦʜʠʤʦ ʫʧʦʨʷʜʦʯʠʪʴ ʚʦʧʨʦʩ ʩ ʝʜʠʥʦʡ ʧʨʦʝʢʮʠʠ ʠ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʜʣʷ 

ʵʪʠʭ ʚʠʜʦʚ ʨʘʙʦʪ. 
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ɸʥʥʦʪʘʮʠʷ. ʀʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʧʠʪʴʝʚʦʡ ʚʦʜʝ ʥʘ 

ʧʝʨʝʥʦʩ ʤʠʢʨʦʯʘʩʪʠʮ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʦʩʘʜʢʦʚ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʧʦʩʪʦʷʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʧʦʣʷ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʜʚʫʤʷ ʤʝʜʥʳʤʠ ʵʣʝʢʪʨʦʜʘʤʠ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʚ 

ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʡ ʷʯʝʡʢʝ ʦʙʲʸʤʦʤ 1 ʣ: ʥʘʧʨʷʞʝʥʠʝ ʠʟʤʝʥʷʣʠ ʚ ʜʠʘʧʘʟʦʥʝ 0ï29 ɺ, ʘ 

ʤʝʞʵʣʝʢʪʨʦʜʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ð ʦʪ 5 ʜʦ 50 ʤʤ. ʅʘʙʣʶʜʘʣʠʩʴ ʚʳʜʝʣʝʥʠʝ ʛʘʟʦʚ ʥʘ ʦʙʦʠʭ 

ʵʣʝʢʪʨʦʜʘʭ (ʵʣʝʢʪʨʦʣʠʟ ʚʦʜʳ), ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʦʢʨʫʛ ʘʥʦʜʘ ʨʳʭʣʦʡ ʤʝʜʥʦʡ çʰʫʙʳè ʠ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʩʣʘʙʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʢʘʪʦʜʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʘʩʩʘ ʦʩʘʜʢʘ ʚ ʨʷʜʝ ʨʝʞʠʤʦʚ 

ʧʨʝʚʳʰʘʝʪ ʠʟʤʝʨʝʥʥʫʶ ʧʦʪʝʨʶ ʤʘʩʩʳ ʘʥʦʜʘ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʦʚʣʝʯʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʚʦʜʳ 

ʚ ʩʦʩʪʘʚ ʧʨʦʜʫʢʪʦʚ. ɼʣʷ ʫʯʸʪʘ ʠʩʭʦʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʚʳʧʦʣʥʝʥ ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʳʡ 

ʘʥʘʣʠʟ ʨʘʩʪʚʦʨʸʥʥʳʭ ʧʨʠʤʝʩʝʡ. ʇʨʝʜʣʦʞʝʥʘ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʵʬʬʝʢʪʘ: 

ʘʥʦʜʥʦʝ ʨʘʩʪʚʦʨʝʥʠʝ ʤʝʜʠ (Cu Ÿ Cu2+ + 2eī) ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʢʘʪʦʜʥʳʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ 

ʚʦʜʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ OHī ʠ H2, ʯʪʦ ʬʦʨʤʠʨʫʝʪ pH-ʛʨʘʜʠʝʥʪʳ ʚ ʧʨʠʵʣʝʢʪʨʦʜʥʳʭ ʟʦʥʘʭ; 

ʤʠʛʨʘʮʠʷ Cu2+ ʠ ʧʝʨʝʥʦʩ OHī ʧʨʠʚʦʜʷʪ ʢ ʦʩʘʞʜʝʥʠʶ Cu(OH)2 ʠ ʧʦʩʣʝʜʫʶʱʝʡ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚ CuO. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʘʩʩʳ ʦʩʘʜʢʘ ʦʪ ʤʝʞʵʣʝʢʪʨʦʜʥʦʛʦ 

ʨʘʩʩʪʦʷʥʠʷ ʠ ʥʘʧʨʷʞʸʥʥʦʩʪʠ ʧʦʣʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʯʝʩʢʠ ʠ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʳ ʧʨʦʩʪʳʤʠ 

ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʚʳʨʘʞʝʥʠʷʤʠ, ʚʢʣʶʯʘʷ ʦʙʦʙʱʸʥʥʫʶ ʤʦʜʝʣʴ m(d,E), ʧʨʠʛʦʜʥʫʶ ʜʣʷ 

ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʞʠʤʦʚ ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʠʷ ʠ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʦʚ ʦʯʠʩʪʢʠ ʚʦʜʥʳʭ 

ʩʨʝʜ. ʆʪʤʝʯʝʥʦ, ʯʪʦ ʘʥʘʣʦʛʠʯʥʳʡ ʜʠʩʙʘʣʘʥʩ ʤʘʩʩ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʜʣʷ ʩʝʨʝʙʨʷʥʳʭ ʵʣʝʢʪʨʦʜʦʚ, 

ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʤʝʭʘʥʠʟʤʘ. ʈʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʢʦʤʧʘʢʪʥʳʭ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ ʜʣʷ ʩʝʣʝʢʪʠʚʥʦʛʦ ʠʟʚʣʝʯʝʥʠʷ 

ʤʝʪʘʣʣʦʚ ʠ ʢʦʥʪʨʦʣʷ ʚʪʦʨʠʯʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʜʳ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. 

 

Abstract. This paper investigates the influence of electrochemical processes in drinking water 

on the transport of microparticles and the formation of precipitates under a DC electric field generated 

by two copper electrodes. Experiments were performed in a 1 L electrolytic cell: the applied voltage 
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was varied from 0 to 29 V, and the interelectrode distance from 5 to 50 mm. Gas evolution was 

observed at both electrodes (water electrolysis), along with the formation of a loose copper ñcoatò 

around the anode and comparatively weak fouling of the cathode. It was found that, under a number 

of operating regimes, the deposit mass exceeds the measured anode mass loss, indicating the 

incorporation of water components into the solid products. To account for the initial mineralization, 

X-ray fluorescence analysis of dissolved impurities was carried out. A physicochemical interpretation 

of the effect is proposed: anodic copper dissolution (Cu Ÿ Cu2+ + 2eī) occurs simultaneously with 

cathodic water reduction producing OHī and H2, which generates pH gradients in the near-electrode 

regions; migration of Cu2+ and transport of OHī lead to precipitation of Cu(OH)2 followed by 

transformation to CuO. The experimental dependences of deposit mass on the interelectrode distance 

and electric-field strength are presented graphically and approximated by simple analytical 

expressions, including a generalized model m(d,E), suitable for optimizing electroprecipitation 

regimes and estimating parameters of water-treatment processes. It is noted that a similar mass 

imbalance is also observed for silver electrodes, supporting the universality of the mechanism. The 

results can be applied to the design of compact electrophysical units for selective metal extraction 

and for controlling secondary water contamination under real operating conditions. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɻ ʣʝʢʪʨʦʣʠʟ ʚʦʜʳ, ʤʝʜʥʳʝ ʵʣʝʢʪʨʦʜʳ, ʧʝʨʝʥʦʩ ʯʘʩʪʠʮ, ʦʩʘʞʜʝʥʠʝ 

ʤʝʪʘʣʣʦʚ, ʫʚʝʣʠʯʝʥʠʝ ʤʘʩʩʳ ʦʩʘʜʢʘ. 

 

Keywords: water electrolysis, copper electrodes, particle transport, metal precipitation, 

precipitate mass increase. 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʚʝʜʝʥʠʷ ʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʷʭ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ 

ʟʘʜʘʯʝʡ ʬʠʟʠʢʠ ʠ ʵʣʝʢʪʨʦʭʠʤʠʠ, ʠʤʝʶʱʝʡ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʚ ʧʨʦʮʝʩʩʘʭ ʦʯʠʩʪʢʠ ʚʦʜʳ, 

ʨʘʟʜʝʣʝʥʠʷ ʚʝʱʝʩʪʚ ʠ ʵʣʝʢʪʨʦʩʠʥʪʝʟʘ [1, 2].  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʦʩʘʜʦʢ ʤʠʢʨʦʯʘʩʪʠʮ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ 

ʧʠʪʴʝʚʦʡ ʚʦʜʝ, ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʣʘʙʦʛʦ ʧʦʩʪʦʷʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, 

ʩʦʟʜʘʚʘʝʤʦʛʦ ʤʝʜʥʳʤʠ ʵʣʝʢʪʨʦʜʘʤʠ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʘʥʘʣʠʟʫ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʭ ʧʝʨʝʥʦʩ ʯʘʩʪʠʮ, ʠ ʠʭ ʚʣʠʷʥʠʶ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʩʘʜʢʦʚ ʥʘ 

ʵʣʝʢʪʨʦʜʘʭ, ʚʢʣʶʯʘʷ ʨʘʥʝʝ ʥʘʙʣʶʜʘʝʤʳʝ ʵʬʬʝʢʪʳ ʦʙʨʘʟʦʚʘʥʠʷ ʤʝʜʥʦʡ çh ʫʙèr ʚʦʢʨʫʛ ʘʥʦʜʘ 

ʠ ʫʚʝʣʠʯʝʥʠʷ ʤʘʩʩʳ ʦʩʘʜʢʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʪʝʨʝʡ ʤʘʩʩʳ ʵʣʝʢʪʨʦʜʘ [2, 3]. 

ɼʚʠʞʝʥʠʝ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ, ʜʠʩʧʝʨʛʠʨʦʚʘʥʥʳʭ ʚ ʞʠʜʢʦʡ ʩʨʝʜʝ, ʚ ʫʩʣʦʚʠʷʭ 

ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʠʣʦʞʝʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʮʝʩʩ ʵʣʝʢʪʨʦʬʦʨʝʟʘ. 

ɺ ʦʩʥʦʚʝ ʷʚʣʝʥʠʷ ʣʝʞʠʪ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ: ʯʘʩʪʠʮʳ, ʥʝʩʫʱʠʝ 

ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʟʘʨʷʜ, ʧʦʣʫʯʘʶʪ ʦʧʨʝʜʝʣʸʥʥʳʡ ʠʤʧʫʣʴʩ, ʥʘʧʨʘʚʣʝʥʥʳʡ ʚ ʩʪʦʨʦʥʫ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʟʘʨʷʞʝʥʥʦʛʦ ʵʣʝʢʪʨʦʜʘ. ɼʝʡʩʪʚʫʶʱʘʷ ʧʨʠ ʵʪʦʤ ʩʠʣʘ (Fe) ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʚʝʣʠʯʠʥʝ ʟʘʨʷʜʘ ʯʘʩʪʠʮʳ (q) ʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʨʠʣʦʞʝʥʥʦʛʦ ʧʦʣʷ (E), 

ʚʳʨʘʞʘʷʩʴ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ Fe=qE. ʆʜʥʘʢʦ ʥʘʧʨʘʚʣʝʥʥʦʝ ʜʚʠʞʝʥʠʝ ʯʘʩʪʠʮ ʥʝ 

ʫʩʢʦʨʷʝʪʩʷ ʙʝʩʢʦʥʝʯʥʦ. ʉʦ ʚʨʝʤʝʥʝʤ ʚʦʟʥʠʢʘʝʪ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ (Fd), 

ʧʦʨʦʞʜʘʝʤʦʝ ʚʷʟʢʠʤʠ ʩʠʣʘʤʠ ʚ ʞʠʜʢʦʩʪʠ. ʕʪʘ ʧʨʦʪʠʚʦʜʝʡʩʪʚʫʶʱʘʷ ʩʠʣʘ ʟʥʘʯʠʪʝʣʴʥʦ ʟʘʚʠʩʠʪ 

ʦʪ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʘʤʠʭ ʯʘʩʪʠʮ ʠ ʚʷʟʢʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʨʝʜʳ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʜʦʩʪʠʛʘʝʪʩʷ ʫʩʪʦʡʯʠʚʦʝ ʨʘʚʥʦʚʝʩʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʚ ʢʦʪʦʨʦʤ ʯʘʩʪʠʮʳ ʜʚʠʞʫʪʩʷ ʩ 

ʧʦʩʪʦʷʥʥʦʡ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʴʶ. 

ʋʩʪʘʥʦʚʠʚʰʘʷʩʷ ʩʢʦʨʦʩʪʴ ʵʣʝʢʪʨʦʬʦʨʝʟʘ (◒) ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ, ʩʚʷʟʳʚʘʶʱʠʤ 

ʝʸ ʩ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʟʘʨʷʜʦʤ ʯʘʩʪʠʮʳ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, 

ʠ ʧʘʨʘʤʝʪʨʘʤʠ ʞʠʜʢʦʩʪʠ ʠ ʩʘʤʦʡ ʯʘʩʪʠʮʳ ð ʩ ʜʨʫʛʦʡ. ɹʦʣʝʝ ʢʦʥʢʨʝʪʥʦ, ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʘʷ 
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ʩʢʦʨʦʩʪʴ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʟʘʨʷʜʫ ʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ, ʧʨʠ ʵʪʦʤ ʦʙʨʘʪʥʦ ʟʘʚʠʩʠʤʘ 

ʦʪ ʚʷʟʢʦʩʪʠ ʩʨʝʜʳ ʠ ʭʘʨʘʢʪʝʨʥʳʭ ʣʠʥʝʡʥʳʭ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ, ʯʪʦ ʥʘʭʦʜʠʪ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʚ 

ʨʷʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [4, 5]. 

ʆʜʥʘʢʦ ʚ ʨʝʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʥʘʣʠʯʠʠ ʵʣʝʢʪʨʦʜʦʚ, ʧʦʛʨʫʞʝʥʥʳʭ ʚ ʚʦʜʥʳʡ 

ʨʘʩʪʚʦʨ, ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʩʦʧʫʪʩʪʚʫʶʱʠʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʪʴ ʥʘ pH ʩʨʝʜʳ, ʩʦʩʪʘʚ ʨʘʩʪʚʦʨʘ ʠ ʩʦʩʪʦʷʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʜʦʚ, ʯʪʦ, ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʧʝʨʝʥʦʩʝ ʯʘʩʪʠʮ ʠ ʧʨʦʮʝʩʩʘʭ ʦʩʘʞʜʝʥʠʷ [5]. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʙʦʣʝʝ ʛʣʫʙʦʢʦʛʦ ʘʥʘʣʠʟʘ ʧʨʦʙʣʝʤʳ, ʨʘʩʩʤʦʪʨʠʤ ʩʫʱʝʩʪʚʫʶʱʠʝ ʟʥʘʥʠʷ 

ʚ ʦʙʣʘʩʪʠ ʬʠʟʠʢʠ, ʵʣʝʢʪʨʦʭʠʤʠʠ ʠ ʢʦʣʣʦʠʜʥʦʡ ʭʠʤʠʠ: 

ʋʨʘʚʥʝʥʠʷ ʵʣʝʢʪʨʦʜʥʳʭ ʨʝʘʢʮʠʡ: ʥʘ ʤʝʜʥʦʤ ʘʥʦʜʝ. ɺ ʢʠʩʣʦʡ ʠʣʠ ʥʝʡʪʨʘʣʴʥʦʡ ʩʨʝʜʝ 

ʦʩʥʦʚʥʦʡ ʨʝʘʢʮʠʝʡ ʷʚʣʷʝʪʩʷ ʦʢʠʩʣʝʥʠʝ ʤʝʜʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʠʦʥʦʚ ʤʝʜʠ(II) [5, 6]: 
 

Cu(ʪ) Ÿ CuĮ (ʚʦʜʥ) + 2e (1) 
 

ʆʜʥʘʢʦ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ pH ʨʘʩʪʚʦʨʘ ʠ ʥʘʣʠʯʠʷ ʜʨʫʛʠʭ ʘʥʠʦʥʦʚ, ʤʦʛʫʪ ʧʨʦʪʝʢʘʪʴ ʠ 

ʜʨʫʛʠʝ ʨʝʘʢʮʠʠ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʥʘʣʠʯʠʠ ʭʣʦʨʠʜ-ʠʦʥʦʚ ʤʦʞʝʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʭʣʦʨʠʜʥʳʡ 

ʢʦʤʧʣʝʢʩ ʤʝʜʠ: 
 

Cu(ʪ) + 2Cl (ʚʦʜʥ) Ÿ [CuCl ] (ʚʦʜʥ) + e (2) 
 

ʠʣʠ 
 

Cu(ʪ) + 4Cl (ʚʦʜʥ) Ÿ [CuCl ]Į (ʚʦʜʥ) + 2e  . (3) 
 

ɺ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ ʦʢʠʩʣʝʥʠʝ ʤʝʜʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʦʢʩʠʜʦʚ ʠʣʠ 

ʛʠʜʨʦʢʩʠʜʦʚ ʤʝʜʠ: 
 

Cu(ʪ) + 2OH (ʚʦʜʥ) ̥ Cu(OH) (ʪ) + 2e . (4) 
 

ʠʣʠ 
 

2Cu(ʪ) + 2OH (ʚʦʜʥ) ̥ Cu O(ʪ) + H O(ʞ) + 2e (5) 
 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʚ ʢʦʥʪʝʢʩʪʝ ʦʯʠʩʪʢʠ ʧʠʪʴʝʚʦʡ ʚʦʜʳ pH ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ, ʥʦ ʦʙʳʯʥʦ 

ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʩʣʘʙʦʢʠʩʣʦʛʦ ʜʦ ʩʣʘʙʦʱʝʣʦʯʥʦʛʦ, ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦʡ ʨʝʘʢʮʠʝʡ ʥʘ 

ʘʥʦʜʝ ʷʚʣʷʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʠʦʥʦʚ CuĮ . 

ʅʘ ʤʝʜʥʦʤ ʢʘʪʦʜʝ (ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ): ʈʝʘʢʮʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʘ ʢʘʪʦʜʝ 

ʟʘʚʠʩʷʪ ʦʪ pH ʨʘʩʪʚʦʨʘ ʠ ʥʘʣʠʯʠʷ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʭʩʷ ʠʦʥʦʚ. 

ɺ ʢʠʩʣʦʡ ʩʨʝʜʝ (pH < 7) ʦʩʥʦʚʥʦʡ ʨʝʘʢʮʠʝʡ ʷʚʣʷʝʪʩʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʠʦʥʦʚ ʚʦʜʦʨʦʜʘ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʚʦʜʦʨʦʜʘ: 
 

2H (ʚʦʜʥ) + 2e  ̥ H (ʛ). (6) 
 

ɺ ʥʝʡʪʨʘʣʴʥʦʡ ʠʣʠ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ (pH Ó 7) ʦʩʥʦʚʥʦʡ ʨʝʘʢʮʠʝʡ ʷʚʣʷʝʪʩʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 

ʚʦʜʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʚʦʜʦʨʦʜʘ ʠ ʛʠʜʨʦʢʩʠʜ-ʠʦʥʦʚ: 
 

2H O(ʞ) + 2e  ̥ H (ʛ) + 2OH (ʚʦʜʥ). (7) 
 

ʊʘʢʞʝ, ʝʩʣʠ ʚ ʨʘʩʪʚʦʨʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʠʦʥʳ ʤʝʜʠ(II), ʦʥʠ ʤʦʛʫʪ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴʩʷ ʥʘ 

ʢʘʪʦʜʝ ʜʦ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʤʝʜʠ: 
 

CuĮ (ʚʦʜʥ) + 2e  ̥ Cu(ʪ). (8) 
 

ʕʪʠ ʵʣʝʢʪʨʦʜʥʳʝ ʨʝʘʢʮʠʠ ʦʢʘʟʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʚʩʶ ʩʠʩʪʝʤʫ: 
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ʀʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ ʤʝʜʠ: ʦʢʠʩʣʝʥʠʝ ʤʝʜʠ ʥʘ ʘʥʦʜʝ ʫʚʝʣʠʯʠʚʘʝʪ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʠʦʥʦʚ CuĮ  ʚ ʨʘʩʪʚʦʨʝ ʚʙʣʠʟʠ ʘʥʦʜʘ. 

ʀʟʤʝʥʝʥʠʝ pH: ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʚʦʜʳ ʥʘ ʢʘʪʦʜʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʛʠʜʨʦʢʩʠʜ-

ʠʦʥʦʚ, ʧʦʚʳʰʘʷ pH ʚʙʣʠʟʠ ʢʘʪʦʜʘ. ʕʪʦ ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ ʟʘʨʷʜ ʯʘʩʪʠʮ ʠ ʠʭ ʩʪʘʙʠʣʴʥʦʩʪʴ [7-9]. 

ʆʙʨʘʟʦʚʘʥʠʝ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʚʦʜʦʨʦʜʘ: ʚʜrʝʣʝʥʠʝ ʚʦʜʦʨʦʜʘ ʥʘ ʢʘʪʦʜʝ ʤʦʞʝʪ ʩʦʟʜʘʚʘʪʴ 

ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʨʘʩʪʚʦʨʘ ʚʙʣʠʟʠ ʵʣʝʢʪʨʦʜʘ ʠ ʚʣʠʷʪʴ ʥʘ ʪʨʘʥʩʧʦʨʪ ʯʘʩʪʠʮ. 

ɺʦʟʤʦʞʥʦʝ ʦʩʘʞʜʝʥʠʝ ʛʠʜʨʦʢʩʠʜʘ ʤʝʜʠ: ʚ ʦʙʣʘʩʪʠ ʧʦʚʳʰʝʥʥʦʛʦ pH ʚʙʣʠʟʠ ʢʘʪʦʜʘ ʠ ʧʨʠ 

ʥʘʣʠʯʠʠ ʠʦʥʦʚ CuĮ , ʤʠʛʨʠʨʫʶʱʠʭ ʦʪ ʘʥʦʜʘ, ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʦʩʘʞʜʝʥʠʝ ʛʠʜʨʦʢʩʠʜʘ ʤʝʜʠ: 
 

CuĮ (ʚʦʜʥ) + 2OH (ʚʦʜʥ) ̥ Cu(OH) (ʪ) . (9) 
 

ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʦʜʥʠʤ ʠʟ ʢʦʤʧʦʥʝʥʪʦʚ ʦʩʘʜʢʘ, ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʥʘ ʵʣʝʢʪʨʦʜʘʭ. 

ʇʦʥʠʤʘʥʠʝ ʵʪʠʭ ʦʩʥʦʚʥʳʭ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤ 

ʜʣʷ ʘʥʘʣʠʟʘ ʧʦʚʝʜʝʥʠʷ ʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʷʭ. ʆʥʠ ʥʘʧʨʷʤʫʶ ʚʣʠʷʶʪ ʥʘ 

ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʨʘʩʪʚʦʨʘ ʚʙʣʠʟʠ ʵʣʝʢʪʨʦʜʦʚ, pH ʠ ʢʦʥʮʝʥʪʨʘʮʠʶ ʠʦʥʦʚ, ʯʪʦ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʦʧʨʝʜʝʣʷʝʪ ʟʘʨʷʜ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʤʠʢʨʦʯʘʩʪʠʮ, ʘ ʪʘʢʞʝ ʧʨʦʮʝʩʩʳ ʠʭ ʦʩʘʞʜʝʥʠʷ ʥʘ 

ʵʣʝʢʪʨʦʜʘʭ [5, 6].  

ɺ ʯʘʩʪʥʦʩʪʠ, ʢʠʥʝʪʠʢʘ ʵʣʝʢʪʨʦʜʥʳʭ ʨʝʘʢʮʠʡ ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʷʤʠ ɹʘʪʣʝʨʘ-

ʌʦʣʴʤʝʨʘ, ʢʦʪʦʨʳʝ ʟʘʚʠʩʷʪ ʦʪ ʧʝʨʝʥʘʧʨʷʞʝʥʠʷ ʥʘ ʵʣʝʢʪʨʦʜʝ [11].  

ʋʨʘʚʥʝʥʠʷ ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʫʯʠʪʳʚʘʶʪ ʜʠʬʬʫʟʠʶ, ʤʠʛʨʘʮʠʶ ʠ ʢʦʥʚʝʢʮʠʶ ʠʦʥʦʚ ʚ 

ʨʘʩʪʚʦʨʝ, ʚʣʠʷʷ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʶ ʨʝʘʛʝʥʪʦʚ ʫ ʵʣʝʢʪʨʦʜʦʚ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘ ʩʢʦʨʦʩʪʴ 

ʨʝʘʢʮʠʡ [10].  

ɼʣʷ ʦʧʠʩʘʥʠʷ ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʠʦʥʦʚ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʫʨʘʚʥʝʥʠʷ ʅʝʨʥʩʪʘ-ʇʣʘʥʢʘ [7].  

ʄʦʜʝʣʠ ʠʟʤʝʥʝʥʠʷ pH ʤʦʛʫʪ ʫʯʠʪʳʚʘʪʴ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʧʦʪʨʝʙʣʝʥʠʝ ʠʦʥʦʚ H  ʠ OH  ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʠ ʠʭ ʜʠʬʬʫʟʠʶ ʚ ʨʘʩʪʚʦʨʝ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ (ʥʘʧʨʠʤʝʨ, ʥʘʧʨʷʞʝʥʠʝ, ʚʨʝʤʷ 

ʚʦʟʜʝʡʩʪʚʠʷ, ʛʝʦʤʝʪʨʠʷ ʵʣʝʢʪʨʦʜʦʚ) ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʯʠʩʪʢʠ 

ʠʣʠ ʨʘʟʜʝʣʝʥʠʷ.  

 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʇʨʦʙʫ ʧʠʪʴʝʚʦʡ ʚʦʜʳ ʦʙʲʝʤʦʤ 1 ʣ ʧʦʤʝʩʪʠʣʠ ʚ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʫʶ ʷʯʝʡʢʫ ʠ ʧʦʛʨʫʟʠʣʠ 

ʚ ʥʝʝ ʤʝʜʥʳʝ ʵʣʝʢʪʨʦʜʳ. ʇʝʨʝʜ ʧʦʛʨʫʞʝʥʠʝʤ ʚ ʚʦʜʫ ʵʣʝʢʪʨʦʜʳ ʧʨʦʤʳʣʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ 

ʚʦʜʦʡ, ʘ ʦʩʪʘʪʢʠ ʚʦʜʳ ʩ ʵʣʝʢʪʨʦʜʦʚ ʫʜʘʣʠʣʠ ʬʠʣʴʪʨʦʚʘʣʴʥʦʡ ʙʫʤʘʛʦʡ. 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ ʤʝʜʥʳʤʠ ʵʣʝʢʪʨʦʜʘʤʠ, ʧʦʛʨʫʞʸʥʥʳʤʠ ʚ ʧʠʪʴʝʚʫʶ ʚʦʜʫ ʠ 

ʧʦʜʢʣʶʯʸʥʥʳʤʠ ʢ ʠʩʪʦʯʥʠʢʫ ʧʦʩʪʦʷʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ (0-29 ɺ), ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʨʘʩʩʪʦʷʥʠʷ 

ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ ʦʪ 5 ʤʤ ʜʦ 50 ʤʤ ʥʘʙʣʶʜʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʷʚʣʝʥʠʷ [11-19]. 

ʆʙʨʘʟʦʚʘʥʠʝ ʛʘʟʦʚʳʭ ʧʫʟʳʨʴʢʦʚ ʥʘ ʦʙʦʠʭ ʵʣʝʢʪʨʦʜʘʭ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ 

ʵʣʝʢʪʨʦʣʠʟʝ ʚʦʜʳ. ʅʘ ʢʘʪʦʜʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚʳʜʝʣʷʣʩʷ ʚʦʜʦʨʦʜ, ʘ ʥʘ ʘʥʦʜʝ ð ʢʠʩʣʦʨʦʜ. 

ɸʥʦʜʥʳʡ ʤʝʜʥʳʡ (ʘ ʪʘʢʞʝ ʩʝʨʝʙʨʷʥʳʡ) ʵʣʝʢʪʨʦʜ ʧʦʩʪʝʧʝʥʥʦ ʠ ʟʘʤʝʪʥʦ ʨʘʩʪʚʦʨʷʣʩʷ, 

ʚʳʩʚʦʙʦʞʜʘʷ ʚ ʚʦʜʫ ʠʦʥʳ ʤʝʜʠ, ʦʪʜʘʚʘʷ ʵʣʝʢʪʨʦʥʳ ʠʩʪʦʯʥʠʢʫ ʪʦʢʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʠʩʭʦʜʠʣ 

ʧʝʨʝʥʦʩ ʤʘʪʝʨʠʘʣʘ ʘʥʦʜʥʦʛʦ ʵʣʝʢʪʨʦʜʘ, ʬʦʨʤʠʨʫʷ ʚʦʢʨʫʛ ʘʥʦʜʘ ʨʳʭʣʳʡ ʦʩʘʜʦʢ, ʥʘʟʚʘʥʥʳʡ 

ʥʘʤʠ çh ʫʙʦʡè. 

ʆʪʩʫʪʩʪʚʠʝ ʟʘʤʝʪʥʳʭ ʠʟʤʝʥʝʥʠʡ ʥʘ ʢʘʪʦʜʝ, ʢʦʪʦʨʳʡ ʦʩʪʘʚʘʣʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʯʠʩʪʳʤ. 

ʋʚʝʣʠʯʝʥʠʝ ʤʘʩʩʳ ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ ʦʩʘʜʢʘ ʤʝʜʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʟʤʝʨʝʥʥʦʡ ʧʦʪʝʨʝʡ 

ʤʘʩʩʳ ʘʥʦʜʘ. ɸʥʘʣʦʛʠʯʥʳʡ ʵʬʬʝʢʪ ʥʘʙʣʶʜʘʣʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʝʨʝʙʨʷʥʳʭ ʵʣʝʢʪʨʦʜʦʚ, 

ʛʜʝ ʫʚʝʣʠʯʝʥʠʝ ʤʘʩʩʳ ʦʩʘʜʢʘ ʙʳʣʦ ʝʱʝ ʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʳʤ (ʚ 2-3 ʠ ʙʦʣʝʝ ʨʘʟʘ). 
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ʕʪʠ ʥʘʙʣʶʜʝʥʠʷ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʥʘ ʘʥʦʜʝ, ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ 

ʩʣʦʞʥʳʤʠ, ʯʝʤ ʧʨʦʩʪʦ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʨʘʩʪʚʦʨʝʥʠʝ ʤʝʜʠ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʈʦʣʴ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʦʩʘʜʢʦʚ. ʇʦ-ʚʠʜʠʤʦʤʫ ʚ ʵʪʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʥʘʙʣʶʜʘʝʤʳʭ ʷʚʣʝʥʠʷʭ ʠʛʨʘʝʪ ʵʣʝʢʪʨʦʣʠʟ ʚʦʜʳ, ʢʦʪʦʨʳʡ 

ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ ʠʟʤʝʥʝʥʠʷʤ pH ʚ ʧʨʠʵʣʝʢʪʨʦʜʥʳʭ ʦʙʣʘʩʪʷʭ [6]. 

ʇʨʦʮʝʩʩʳ ʥʘ ʢʘʪʦʜʝ: ʥʘ ʢʘʪʦʜʝ ʧʨʦʠʩʭʦʜʠʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʚʦʜʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʚʦʜʦʨʦʜʘ ʠ ʛʠʜʨʦʢʩʠʜ-ʠʦʥʦʚ, ʬʦʨʤʠʨʫʷ ʱʝʣʦʯʥʫʶ ʩʨʝʜʫ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʚʳʩʦʢʠʡ 

pH ʚʙʣʠʟʠ ʢʘʪʦʜʘ ʤʦʞʝʪ ʧʨʝʧʷʪʩʪʚʦʚʘʪʴ ʦʩʘʞʜʝʥʠʶ ʤʝʜʠ, ʜʘʞʝ ʧʨʠ ʥʘʣʠʯʠʠ ʤʠʛʨʠʨʫʶʱʠʭ ʢ 

ʢʘʪʦʜʫ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʠʦʥʦʚ (CuĮ ). ʂʨʦʤʝ ʪʦʛʦ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʠʦʥʦʚ 

ʤʝʜʠ ʜʦ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʟʘʪʨʫʜʥʝʥʦ ʠʟ-ʟʘ ʧʨʝʦʙʣʘʜʘʶʱʝʛʦ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʚʦʜʳ ʥʘ ʢʘʪʦʜʝ [20]. 

ɺ ʩʚʷʟʠ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʚʣʠʷʥʠʷ ʩʦʩʪʘʚʘ ʚʦʜʳ ʚ ʨʝʘʢʪʦʨʝ ʥʘ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʙʳʣ ʧʨʦʚʝʜʸʥ ʘʥʘʣʠʟ ʧʠʪʴʝʚʦʡ 

ʚʦʜʳ ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʳʤ ʤʝʪʦʜʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʦʛʦ ʧʨʠʚʝʜʝʥʳ ʚ ʊʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1 

ʍʀʄʀʏɽʉʂʀʁ ʉʆʉʊɸɺ ʇʀʊʔɽɺʆʁ ɺʆɼʓ 

 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, 

ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʧʠʪʴʝʚʦʡ ʚʦʜʝ 

ʄʘʩʩʦʚʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ, ʤʛ/ʜʤ3 ʇɼʂ 

ʄʘʨʛʘʥʝʮ 0,045 0,1(0,5) 

ʄʦʣʠʙʜʝʥ 0,007 0,25 

ʂʦʙʘʣʴʪ 0,0011 0,1 

ʅʘʪʨʠʡ 112 20 

ʂʘʣʠʡ 10 0,25 

ɺʘʥʘʜʠʡ 0,0031 0,1 

ʅʠʢʝʣʴ 0,02 0,01 

ʍʨʦʤ 0,05 0,5 

 

ʋʯʠʪʳʚʘʷ ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʡ ʘʥʘʣʠʟ ʚʦʜʳ (ʊʘʙʣʠʮʘ 1) ʠ ʠʥʬʦʨʤʘʮʠʶ ʦ ʪʦʤ, ʯʪʦ ʯʘʩʪʠʮʳ 

ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʤʝʥʝʝ 1 ʤʢʤ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʠʭ ʥʘʭʦʞʜʝʥʠʝ ʚ ʢʦʣʣʦʠʜʥʦʤ ʠʣʠ ʨʘʩʪʚʦʨʝʥʥʦʤ 

ʩʦʩʪʦʷʥʠʠ, ʧʨʦʮʝʩʩ ʧʝʨʝʥʦʩʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʙʫʜʝʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʧʝʨʝʥʦʩʘ ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ: 

ʉʦʩʪʦʷʥʠʝ ʵʣʝʤʝʥʪʦʚ: ʧʦʩʢʦʣʴʢʫ ʯʘʩʪʠʮʳ ʠʤʝʶʪ ʨʘʟʤʝʨ ʤʝʥʝʝ 1 ʤʢʤ, ʘ ʚʦʜʘ ʧʨʦʟʨʘʯʥʘ, 

ʙʦʣʴʰʠʥʩʪʚʦ ʫʢʘʟʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʚʝʨʦʷʪʥʦ, ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʠʦʥʥʦʡ ʬʦʨʤʝ ʠʣʠ ʚ ʚʠʜʝ ʦʯʝʥʴ 

ʤʝʣʢʠʭ ʢʦʣʣʦʠʜʥʳʭ ʯʘʩʪʠʮ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʝʨʝʥʦʩ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʜʚʠʞʝʥʠʝʤ ʠʦʥʦʚ ʠ ʥʘʥʦʯʘʩʪʠʮ. 

ɿʘʨʷʜ ʠʦʥʦʚ: ʟʘʚʠʩʠʪ ʦʪ pH ʠ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʚʦʜʳ. 

ʅʘʧʨʠʤʝʨ: 

ʄʘʨʛʘʥʝʮ ʤʦʞʝʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʚ ʚʠʜʝ MnĮ , Mnį  ʠʣʠ MnO , ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ. 

ʄʦʣʠʙʜʝʥ ʚ ʥʝʡʪʨʘʣʴʥʦʡ ʠ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ ʦʙʳʯʥʦ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʚʠʜʝ ʘʥʠʦʥʦʚ 

ʤʦʣʠʙʜʘʪʦʚ (MoO Į ). 

ʂʦʙʘʣʴʪ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʬʦʨʤʝ ʠʦʥʦʚ CoĮ  ʠʣʠ Coį . 

ʅʘʪʨʠʡ ʠ ʢʘʣʠʡ ʧʨʠʩʫʪʩʪʚʫʶʪ ʢʘʢ ʢʘʪʠʦʥʳ Na  ʠ K  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɺʘʥʘʜʠʡ ʦʙʨʘʟʫʝʪ ʨʘʟʣʠʯʥʳʝ ʠʦʥʳ (VO , VO į  ʠ ʜʨ.) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ pH ʠ 

ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. 
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ʅʠʢʝʣʴ ʦʙʳʯʥʦ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʚʠʜʝ ʢʘʪʠʦʥʘ NiĮ . 

ʍʨʦʤ (Cr) ʤʦʞʝʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʢʘʢ ʢʘʪʠʦʥʦʚ Cr3+(ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ) ʠʣʠ ʘʥʠʦʥʦʚ CrO4
2-, 

Cr2O7
2- (ʚ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ), ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ pH ʠ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ. 

ʕʣʝʢʪʨʦʤʠʛʨʘʮʠʷ (ʀʦʥʥʘʷ ʤʠʛʨʘʮʠʷ): ʦʩʥʦʚʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʧʝʨʝʥʦʩʘ ʜʣʷ ʠʦʥʦʚ 

ʷʚʣʷʝʪʩʷ ʠʭ ʜʚʠʞʝʥʠʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. ʂʘʪʠʦʥʳ ʙʫʜʫʪ ʧʝʨʝʤʝʱʘʪʴʩʷ ʢ 

ʢʘʪʦʜʫ, ʘ ʘʥʠʦʥʳ ï ʢ ʘʥʦʜʫ. 

ʕʣʝʢʪʨʦʬʦʨʝʟ (ʜʣʷ ʢʦʣʣʦʠʜʥʳʭ ʯʘʩʪʠʮ): ʝʩʣʠ ʥʝʢʦʪʦʨʳʝ ʵʣʝʤʝʥʪʳ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʚʠʜʝ 

ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʢʦʣʣʦʠʜʥʳʭ ʯʘʩʪʠʮ, ʦʥʠ ʪʘʢʞʝ ʙʫʜʫʪ ʧʝʨʝʤʝʱʘʪʴʩʷ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ, ʝʩʣʠ 

ʦʙʣʘʜʘʶʪ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʟʘʨʷʜʦʤ, ʟʘʚʠʩʷʱʠʤ ʦʪ ʤʘʪʝʨʠʘʣʘ ʯʘʩʪʠʮ ʠ ʩʚʦʡʩʪʚ ʚʦʜʳ. 

ɺʣʠʷʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ: ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʧʨʝʜʝʣʷʝʤʳʭ ʵʣʝʤʝʥʪʦʚ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʥʘʪʨʠʷ 

ʠ ʢʘʣʠʷ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʝ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʵʬʬʝʢʪʳ ʚʳʩʦʢʦʡ ʠʦʥʥʦʡ ʩʠʣʳ ʤʦʛʫʪ ʙʳʪʴ 

ʤʝʥʝʝ ʟʥʘʯʠʪʝʣʴʥʳʤʠ, ʥʦ ʥʝ ʠʩʢʣʶʯʝʥʳ. ʅʘʪʨʠʡ ʠ ʢʘʣʠʡ, ʢʘʢ ʦʩʥʦʚʥʳʝ ʠʦʥʳ, ʙʫʜʫʪ ʘʢʪʠʚʥʦ 

ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʧʝʨʝʥʦʩʝ ʟʘʨʷʜʘ. ʅʠʟʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʜʨʫʛʠʭ ʤʝʪʘʣʣʦʚ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʠʭ 

ʤʝʥʴʰʝʤʫ ʚʢʣʘʜʫ ʚ ʦʙʱʠʡ ʧʝʨʝʥʦʩ ʟʘʨʷʜʘ, ʥʦ ʠʭ ʥʘʢʦʧʣʝʥʠʝ ʥʘ ʵʣʝʢʪʨʦʜʘʭ ʤʦʞʝʪ ʙʳʪʴ 

ʟʥʘʯʠʤʳʤ. 

ʕʣʝʢʪʨʦʣʠʟ ʚʦʜʳ: ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ 15 ɺ ʵʣʝʢʪʨʦʣʠʟ ʚʦʜʳ ʥʝʠʟʙʝʞʝʥ, ʦʩʦʙʝʥʥʦ ʚʙʣʠʟʠ 

ʵʣʝʢʪʨʦʜʦʚ, ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʚʦʜʦʨʦʜʘ ʠ ʢʠʩʣʦʨʦʜʘ ʠ ʠʟʤʝʥʝʥʠʶ pH ʚ 

ʧʨʠʵʣʝʢʪʨʦʜʥʳʭ ʦʙʣʘʩʪʷʭ. ʀʟʤʝʥʝʥʠʝ pH ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʣʠʷʪʴ ʥʘ ʬʦʨʤʫ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʠ ʟʘʨʷʜ ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ, ʘ ʪʘʢʞʝ ʥʘ ʟʘʨʷʜ ʢʦʣʣʦʠʜʥʳʭ ʯʘʩʪʠʮ. 

ɼʠʬʬʫʟʠʷ ʠ ʢʦʥʚʝʢʮʠʷ: ʧʦʤʠʤʦ ʜʚʠʞʝʥʠʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʠʦʥʳ ʠ 

ʢʦʣʣʦʠʜʥʳʝ ʯʘʩʪʠʮʳ ʙʫʜʫʪ ʧʝʨʝʤʝʱʘʪʴʩʷ ʟʘ ʩʯʝʪ ʜʠʬʬʫʟʠʠ (ʠʟ-ʟʘ ʛʨʘʜʠʝʥʪʘ ʢʦʥʮʝʥʪʨʘʮʠʠ) ʠ 

ʢʦʥʚʝʢʮʠʠ (ʚʳʟʚʘʥʥʦʡ ʵʣʝʢʪʨʦʦʩʤʦʩʦʤ, ʪʝʧʣʦʚʳʤʠ ʵʬʬʝʢʪʘʤʠ ʠʣʠ ʛʨʘʚʠʪʘʮʠʝʡ). 

ʆʮʝʥʢʘ ʧʝʨʝʥʦʩʘ ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʂʘʪʠʦʥʳ (Na , K , CoĮ , NiĮ , MnĮ  

(ʚʝʨʦʷʪʥʦ)): ʙʫʜʫʪ ʜʚʠʛʘʪʴʩʷ ʢ ʢʘʪʦʜʫ. ʉʢʦʨʦʩʪʴ ʟʘʚʠʩʠʪ ʦʪ ʟʘʨʷʜʘ, ʨʘʟʤʝʨʘ ʠ ʩʪʝʧʝʥʠ 

ʛʠʜʨʘʪʘʮʠʠ ʠʦʥʘ. ʑʝʣʦʯʥʳʝ ʤʝʪʘʣʣʳ (Na , K ) ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʧʦʜʚʠʞʥʦʩʪʴʶ. ɸʥʠʦʥʳ 

(MoO Į , CrO Į , Cr2O7
2- (ʚʝʨʦʷʪʥʦ), MnO  (ʚʝʨʦʷʪʥʦ): ʙʫʜʫʪ ʜʚʠʛʘʪʴʩʷ ʢ ʘʥʦʜʫ. ɺʘʥʘʜʠʡ ʠ 

ʤʘʨʛʘʥʝʮ: ʬʦʨʤʘ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ pH ʠ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʠʟʤʝʥʷʪʴʩʷ ʚ ʧʨʦʮʝʩʩʝ ʵʣʝʢʪʨʦʣʠʟʘ, ʯʪʦ ʜʝʣʘʝʪ ʥʘʧʨʘʚʣʝʥʠʝ ʠʭ 

ʜʚʠʞʝʥʠʷ ʥʝʦʧʨʝʜʝʣʝʥʥʳʤ. ʆʥʠ ʤʦʛʫʪ ʥʘʢʘʧʣʠʚʘʪʴʩʷ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʦʙʣʘʩʪʷʭ ʨʝʘʢʪʦʨʘ. 

ɺʣʠʷʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ. ʅʘʪʨʠʡ (112 ʤʛ/ʜʤ3) ʠ ʢʘʣʠʡ (10 ʤʛ/ʜʤ3): ɻ ʪʠ ʠʦʥʳ ʙʫʜʫʪ 

ʦʩʥʦʚʥʳʤʠ ʧʝʨʝʥʦʩʯʠʢʘʤʠ ʟʘʨʷʜʘ ʚ ʨʘʩʪʚʦʨʝ ʠʟ-ʟʘ ʠʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ. 

ʆʥʠ ʙʫʜʫʪ ʘʢʪʠʚʥʦ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʧʨʦʮʝʩʩʝ ʵʣʝʢʪʨʦʤʠʛʨʘʮʠʠ. ʆʩʪʘʣʴʥʳʝ ʤʝʪʘʣʣʳ (Mn, Mo, Co, 

V, Ni, Cr): ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ. ʆʥʠ ʙʫʜʫʪ ʧʝʨʝʤʝʱʘʪʴʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʥʦ ʠʭ ʚʢʣʘʜ ʚ ʦʙʱʠʡ ʧʝʨʝʥʦʩ ʟʘʨʷʜʘ ʤʦʞʝʪ ʙʳʪʴ ʤʝʥʝʝ ʟʥʘʯʠʪʝʣʴʥʳʤ. 

ʆʜʥʘʢʦ ʠʭ ʥʘʢʦʧʣʝʥʠʝ ʥʘ ʵʣʝʢʪʨʦʜʘʭ ʤʦʞʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʠʥʪʝʨʝʩ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʟʚʣʝʯʝʥʠʷ 

ʠʣʠ ʦʩʘʞʜʝʥʠʷ. 

ʅʘ ʘʥʦʜʝ ʧʨʦʠʩʭʦʜʠʪ ʦʢʠʩʣʝʥʠʝ ʚʦʜʳ, ʧʨʠʚʦʜʷʱʝʝ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʠʩʣʦʨʦʜʘ ʠ ʠʦʥʦʚ 

ʚʦʜʦʨʦʜʘ, ʯʪʦ ʩʦʟʜʘʝʪ ʢʠʩʣʫʶ ʩʨʝʜʫ ʚʙʣʠʟʠ ʵʣʝʢʪʨʦʜʘ. ʕʪʘ ʢʠʩʣʘʷ ʩʨʝʜʘ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʨʘʩʪʚʦʨʝʥʠʶ ʤʝʜʥʦʛʦ ʘʥʦʜʘ ʧʦ ʨʝʘʢʮʠʠ (1). ʆʜʥʘʢʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʤʘʩʩʳ ʦʩʘʜʢʘ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʦʩʘʜʦʢ ʩʦʩʪʦʠʪ ʥʝ ʪʦʣʴʢʦ ʠʟ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʤʝʜʠ. ɺʝʨʦʷʪʥʳʤ ʦʙʲʷʩʥʝʥʠʝʤ 

ʷʚʣʷʝʪʩʷ ʭʠʤʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠʦʥʦʚ ʤʝʜʠ ʩ ʢʦʤʧʦʥʝʥʪʘʤʠ ʚʦʜʳ ʠ ʧʨʦʜʫʢʪʘʤʠ 

ʵʣʝʢʪʨʦʣʠʟʘ. ɺ ʢʠʩʣʦʡ ʩʨʝʜʝ ʠʦʥʳ ʤʝʜʠ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʚʢʣʶʯʘʷ 

ʦʢʩʠʜʳ ʠ ʛʠʜʨʦʢʩʠʜʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʩʘʞʜʘʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʘʥʦʜʘ [22]. ʅʘʧʨʠʤʝʨ, 

ʦʙʨʘʟʦʚʘʥʠʝ ʦʢʩʠʜʘ ʤʝʜʠ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʧʦ ʨʝʘʢʮʠʠ: 
 

2Cu2+ + O_2 + 2H_2O Ÿ 2CuO + 4H+. (10) 
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ʆʙʨʘʟʦʚʘʥʠʝ ʛʠʜʨʦʢʩʠʜʘ ʤʝʜʠ ʚʦʟʤʦʞʥʦ ʧʨʠ ʣʦʢʘʣʴʥʦʤ ʧʦʚʳʰʝʥʠʠ pH ʚʙʣʠʟʠ ʘʥʦʜʘ ʟʘ 

ʩʯʝʪ ʜʠʬʬʫʟʠʠ ʛʠʜʨʦʢʩʠʜ-ʠʦʥʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʥʘ ʢʘʪʦʜʝ: 
 

Cu2+ + 2OH- Ÿ Cu(OH)_2 (11) 
 

ɺʢʣʶʯʝʥʠʝ ʢʠʩʣʦʨʦʜʘ ʠ ʚʦʜʦʨʦʜʘ ʠʟ ʚʦʜʳ ʚ ʩʦʩʪʘʚ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʦʙʲʷʩʥʷʝʪ 

ʫʚʝʣʠʯʝʥʠʝ ʤʘʩʩʳ ʦʩʘʜʢʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʪʝʨʷʥʥʦʡ ʤʘʩʩʦʡ ʤʝʜʠ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ 

ʵʣʝʢʪʨʦʜʘʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʊʘʙʣʠʮʝ 2.  
 

ʊʘʙʣʠʮʘ 2 

ɿɸɺʀʉʀʄʆʉʊʔ ʄɸʉʉʓ ʄɽɼʅʆɻʆ ʆʉɸɼʂɸ ʆʊ ʈɸʉʉʊʆʗʅʀʗ ʄɽɾɼʋ 

ʕʃɽʂʊʈʆɼɸʄʀ ʀ ʅɸʇʈʗɾɽʅʅʆʉʊʀ ʕʃɽʂʊʈʀʏɽʉʂʆɻʆ ʇʆʃʗ ʄɽɾɼʋ ʅʀʄʀ 
 

ʄʘʩʩʘ ʤʝʜʥʦʡ ʦʩʘʜʢʠ, ʛ ʈʘʩʩʪʦʷʥʠʝ, ʩʤ ʅʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ɽ, ɺ/ʩʤ 

0,88 2,0 11.76 

0,66 4,0 6,13 

0,48 6.0 4,25 

0,39 8.0 3,31 

0,32 9,0 3,06 

 

ʀʟ ʊʘʙʣʠʮʳ 1 ʚʠʜʥʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʥʘʧʨʷʞʝʥʠʷ ʤʘʩʩʘ ʤʝʜʥʦʛʦ ʦʩʘʜʢʘ ʫʤʝʥʴʰʘʝʪʩʷ. 

ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʙʨʘʪʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʵʪʠʤʠ ʜʚʫʤʷ ʧʘʨʘʤʝʪʨʘʤʠ. ɸʥʘʣʦʛʠʯʥʦ, ʩ 

ʫʤʝʥʴʰʝʥʠʝʤ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʤʘʩʩʘ ʤʝʜʥʦʛʦ ʦʩʘʜʢʘ ʪʘʢʞʝ ʫʤʝʥʴʰʘʝʪʩʷ. 

ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʯʝʤ ʤʝʥʴʰʝ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʪʝʤ ʤʝʥʴʰʝ ʤʝʜʠ ʦʩʝʜʘʝʪ. 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ ʤʘʩʩʘ ʤʝʜʥʦʛʦ ʦʩʘʜʢʘ ʫʤʝʥʴʰʘʝʪʩʷ. ɼʣʷ 

ʧʦʣʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʩʪʨʦʠʤ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʤʘʩʩʳ ʤʝʜʥʦʛʦ ʦʩʘʜʢʘ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ 

ʵʣʝʢʪʨʦʜʘʤʠ (ʈʠʩʫʥʦʢ 1) ʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ɻʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʤʝʞʜʫ ʥʠʤʠ (ʈʠʩʫʥʦʢ 2). 

ɸʥʘʣʠʟʠʨʫʷ ʜʘʥʥʳʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʈʠʩʫʥʢʝ 1, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʘʩʩʘ 

ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʦʩʘʜʢʘ m (ʚ ʛ) ʠ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ d (ʚ ʩʤ) ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʧʨʘʢʪʠʯʝʩʢʠ ʣʠʥʝʡʥʫʶ ʚʟʘʠʤʦʩʚʷʟʴ. ʕʪʦ ʥʘʙʣʶʜʝʥʠʝ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʣʠʥʠʝʡ ʪʨʝʥʜʘ, 

ʦʙʦʟʥʘʯʝʥʥʦʡ ʚ ʢʘʯʝʩʪʚʝ ʣʠʥʝʡʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʥʘ ʛʨʘʬʠʢʝ ʦʪʯʸʪʣʠʚʦ 

ʟʘʤʝʪʥʳ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʪʦʯʝʢ ʦʪ ʧʨʦʚʝʜʸʥʥʦʡ ʣʠʥʠʠ. 

ʇʦʜʦʙʥʳʝ ʨʘʩʭʦʞʜʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʚʳʟʚʘʥʳ ʩʣʫʯʘʡʥʳʤʠ ʧʦʛʨʝʰʥʦʩʪʷʤʠ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ 

ʠʟʤʝʨʝʥʠʡ, ʥʝʪʦʯʥʦʩʪʷʤʠ ʧʨʠʙʦʨʦʚ ʣʠʙʦ ʥʘʣʠʯʠʝʤ ʥʝʢʦʪʦʨʳʭ ʥʝʣʠʥʝʡʥʳʭ ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ 

ʥʝ ʙʳʣʠ ʦʪʨʘʞʝʥʳ ʚ ʨʘʤʢʘʭ ʧʨʦʩʪʝʡʰʝʡ ʣʠʥʝʡʥʦʡ ʤʦʜʝʣʠ.  

ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʤʝʞʵʣʝʢʪʨʦʜʥʦʛʦ 

ʨʘʩʩʪʦʷʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʢ ʩʥʠʞʝʥʠʶ ʤʘʩʩʳ ʦʩʘʜʢʘ. ɺʝʨʦʷʪʥʦ, ʧʦʜʦʙʥʳʡ ʵʬʬʝʢʪ 

ʦʙʫʩʣʦʚʣʝʥ ʦʩʣʘʙʣʝʥʠʝʤ ʥʘʧʨʷʞʸʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʥʠʞʘʝʪ 

ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʧʨʦʮʝʩʩʝ ʦʩʘʞʜʝʥʠʷ ʚʝʱʝʩʪʚʘ ʥʘ ʵʣʝʢʪʨʦʜʘʭ. ʇʦʣʫʯʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʚ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʚʠʜʝ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʘ ʩʣʝʜʫʶʱʠʤ ʫʨʘʚʥʝʥʠʝʤ:  
 

m=1.20 - 0.1d (12) 
 

ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʯʝʤ ʙʦʣʴʰʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ ʪʝʤ ʤʝʥʴʰʝ ʤʝʜʠ 

ʦʩʝʜʘʝʪ ʚ ʷʯʝʡʢʝ.  

ɻʨʘʬʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ (ʈʠʩʫʥʦʢ 2) ʦʪʯʸʪʣʠʚʦ ʠʣʣʶʩʪʨʠʨʫʝʪ ʩʣʦʞʥʳʡ 

ʥʝʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ ʩʚʷʟʠ, ʧʨʦʷʚʣʷʶʱʝʡʩʷ ʤʝʞʜʫ ʤʘʩʩʦʡ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʦʩʘʜʢʘ (m, ʛ) ʠ 

ʧʨʠʣʦʞʝʥʥʦʡ ʥʘʧʨʷʞʸʥʥʦʩʪʴʶ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ (E, ɺ/ʩʤ). 
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ʈʠʩʫʥʦʢ 1. ɿʘʚʠʩʠʤʦʩʪʴ ʤʘʩʩʳ ʤʝʜʥʦʛʦ ʦʩʘʜʢʘ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ 

 

ɺ ʥʘʯʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ʛʨʘʬʠʢʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʤ ʫʨʦʚʥʷʤ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʥʘʙʣʶʜʘʝʪʩʷ ʷʨʢʦ ʚʳʨʘʞʝʥʥʘʷ ʪʝʥʜʝʥʮʠʷ ʙʳʩʪʨʦʛʦ ʚʦʟʨʘʩʪʘʥʠʷ ʤʘʩʩʳ 

ʦʩʘʜʢʘ: ʢʘʞʜʦʝ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʧʦʚʳʰʝʥʠʝ ʥʘʧʨʷʞʸʥʥʦʩʪʠ ʧʦʣʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʟʘʤʝʪʥʳʤ 

ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʚʳʧʘʜʘʶʱʝʛʦ ʚʝʱʝʩʪʚʘ. ʆʜʥʘʢʦ ʵʪʘ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʧʦʩʪʝʧʝʥʥʦ 

ʧʨʝʪʝʨʧʝʚʘʝʪ ʠʟʤʝʥʝʥʠʷ, ʠ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ 

ʥʘʧʨʷʞʸʥʥʦʩʪʠ ʜʘʣʴʥʝʡʰʠʡ ʨʦʩʪ ʤʘʩʩʳ ʦʩʘʜʢʘ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʤʝʜʣʷʝʪʩʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʭʘʨʘʢʪʝʨ ʢʨʠʚʦʡ ʧʨʠʦʙʨʝʪʘʝʪ ʚʩʸ ʙʦʣʝʝ ʧʣʘʚʥʳʡ ʚʠʜ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʥʠʞʝʥʠʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʧʨʠ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʷʭ ʥʘʧʨʷʞʸʥʥʦʩʪʠ ʠ ʧʦʜʯʸʨʢʠʚʘʝʪ ʚʳʨʘʞʝʥʥʫʶ 

ʥʝʣʠʥʝʡʥʦʩʪʴ ʠʟʫʯʘʝʤʦʡ ʟʘʚʠʩʠʤʦʩʪʠ. ʋʚʝʣʠʯʝʥʠʝ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, 

ʚʝʨʦʷʪʥʦ, ʧʨʠʚʦʜʠʪ ʢ ʫʩʠʣʝʥʠʶ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʟʘʨʷʞʝʥʥʳʝ 

ʯʘʩʪʠʮʳ ʦʩʘʞʜʘʝʤʦʛʦ ʚʝʱʝʩʪʚʘ. ʕʪʦ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʤʫ ʧʨʠʪʷʞʝʥʠʶ 

ʯʘʩʪʠʮ ʢ ʵʣʝʢʪʨʦʜʘʤ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʚʝʣʠʯʝʥʠʶ ʤʘʩʩʳ ʦʩʘʜʢʘ. ɿʘʤʝʜʣʝʥʠʝ ʨʦʩʪʘ ʤʘʩʩʳ 

ʦʩʘʜʢʘ ʧʨʠ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʷʭ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʥʘʩʳʱʝʥʠʠ 

ʢʘʢʦʛʦ-ʣʠʙʦ ʧʨʦʮʝʩʩʘ, ʣʠʤʠʪʠʨʫʶʱʝʛʦ ʜʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʦʩʘʞʜʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʤʦʞʝʪ 

ʜʦʩʪʠʛʘʪʴʩʷ ʧʨʝʜʝʣ ʩʢʦʨʦʩʪʠ ʜʦʩʪʘʚʢʠ ʯʘʩʪʠʮ ʢ ʵʣʝʢʪʨʦʜʘʤ ʠʣʠ ʚʦʟʥʠʢʘʪʴ ʢʦʥʢʫʨʠʨʫʶʱʠʝ 

ʧʨʦʮʝʩʩʳ (ʥʘʧʨʠʤʝʨ, ʦʙʨʘʪʥʦʝ ʨʘʩʧʳʣʝʥʠʝ ʦʩʘʜʢʘ ʧʨʠ ʦʯʝʥʴ ʚʳʩʦʢʠʭ ʧʦʣʷʭ).  ʅʝʣʠʥʝʡʥʳʡ 

ʭʘʨʘʢʪʝʨ ʟʘʚʠʩʠʤʦʩʪʠ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʤʝʭʘʥʠʟʤ ʦʩʘʞʜʝʥʠʷ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʩʣʦʞʥʳʤ, ʯʝʤ 

ʧʨʦʩʪʦʝ ʣʠʥʝʡʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ. ʄʦʛʫʪ ʠʛʨʘʪʴ ʨʦʣʴ ʠ ʜʨʫʛʠʝ 

ʬʘʢʪʦʨʳ, ʪʘʢʠʝ ʢʘʢ ʧʦʣʷʨʠʟʘʮʠʷ ʯʘʩʪʠʮ, ʜʠʵʣʝʢʪʨʦʬʦʨʝʟ, ʚʣʠʷʥʠʝ ʧʦʣʷ ʥʘ ʩʨʝʜʫ ʠ ʪ.ʜ. 
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ʈʠʩʫʥʦʢ 2. ɿʘʚʠʩʠʤʦʩʪʴ ʤʘʩʩʳ ʤʝʜʥʦʛʦ ʦʩʘʜʢʘ ʦʪ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʤʝʞʜʫ 

ʵʣʝʢʪʨʦʜʘʤʠ 

 

ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 2 ʤʦʞʥʦ ʘʧʧʨʦʩʠʤʠʨʦʚʘʪʴ ʚ ʚʠʜʝ 

ʬʦʨʤʫʣʳ: 
 

m=0.07 + 0.12E - 0.05E2 (13) 
 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʤʝʜʥʦʛʦ 

ʦʩʘʜʢʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʮʝʣʳʤ ʨʷʜʦʤ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʬʘʢʪʦʨʦʚ, ʩʨʝʜʠ 

ʢʦʪʦʨʳʭ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʤʠ ʷʚʣʷʶʪʩʷ ʥʘʧʨʷʞʸʥʥʦʩʪʴ ʧʨʠʣʦʞʝʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʘ 

ʪʘʢʞʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ, ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ. 

ʉʩʳʣʘʷʩʴ ʥʘ ʨʘʥʝʝ ʧʨʠʚʝʜʸʥʥʳʝ ʬʦʨʤʫʣʳ (12) ʠ (13), ʩʧʨʘʚʝʜʣʠʚʳʝ ʜʣʷ ʠʩʩʣʝʜʫʝʤʦʡ 

ʩʠʩʪʝʤʳ, ʦʙʣʘʜʘʶʱʝʡ ʘʜʜʠʪʠʚʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʚʳʚʝʩʪʠ 

ʦʙʦʙʱʸʥʥʦʝ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ, ʧʦʟʚʦʣʷʶʱʝʝ ʦʧʠʩʘʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ 

ʤʘʩʩʳ ʤʝʜʥʦʛʦ ʦʩʘʜʢʘ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʪ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʠ ʤʝʞʵʣʝʢʪʨʦʜʥʦʛʦ ʧʨʦʤʝʞʫʪʢʘ: 
 

m = 0.035 - 0.05d + 0.06E - 0.025E2 . (14) 
 

ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʦʩʘʞʜʝʥʠʝ ʤʝʜʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʳʡ ʧʨʦʮʝʩʩ, 

ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ 

ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʡ ʷʯʝʡʢʠ. ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʵʣʝʢʪʨʦʜʦʚ, ʘ ʠʤʝʥʥʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʥʠʤʠ, ʥʘʙʣʶʜʘʝʪʩʷ ʟʘʤʝʪʥʦʝ 

ʩʥʠʞʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʦʩʘʞʜʝʥʠʷ. ʆʜʥʘʢʦ ʢʦʤʧʝʥʩʘʮʠʷ ʪʘʢʦʡ ʧʦʪʝʨʠ 
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ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʟʘ ʩʯʸʪ ʧʦʚʳʰʝʥʠʷ ʧʨʠʣʦʞʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʥʝʦʜʥʦʟʥʘʯʥʳʤ 

ʨʝʰʝʥʠʝʤ: ʭʦʪʷ ʫʚʝʣʠʯʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʦʪʯʘʩʪʠ ʚʦʩʧʦʣʥʷʝʪ ʫʤʝʥʴʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʦʥʦ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʣʝʯʸʪ ʟʘ ʩʦʙʦʡ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʥʝʛʘʪʠʚʥʳʝ ʵʬʬʝʢʪʳ, ʩʥʦʚʘ ʩʥʠʞʘʷ ʢʦʥʝʯʥʫʶ 

ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴ ʦʩʘʞʜʝʥʠʷ ʤʝʜʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʦʯʝʚʠʜʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʧʦʜʭʦʜʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʫʯʠʪʳʚʘʝʪʩʷ ʚʣʠʷʥʠʝ ʚʩʝʭ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʬʘʢʪʦʨʦʚ. ʊʦʣʴʢʦ ʪʘʢʦʡ 

ʩʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʠʪ ʧʦʜʦʙʨʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʜʦʩʪʠʞʝʥʠʶ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʠʷ ʤʝʜʠ. ɸʥʘʣʦʛʠʯʥʳʝ ʧʨʦʮʝʩʩʳ ʤʦʛʫʪ 

ʧʨʦʠʩʭʦʜʠʪʴ ʠ ʩ ʩʝʨʝʙʨʷʥʳʤʠ ʵʣʝʢʪʨʦʜʘʤʠ, ʧʨʠʚʦʜʷ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʦʢʩʠʜʦʚ ʠʣʠ ʜʨʫʛʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʩʝʨʝʙʨʘ. 

 

ɺʳʚʦʜ 

ʇʝʨʝʥʦʩ ʯʘʩʪʠʮ ʚ ʧʠʪʴʝʚʦʡ ʚʦʜʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʘʢʪʠʚʥʳʤʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʥʘ ʵʣʝʢʪʨʦʜʘʭ, ʢʦʪʦʨʳʝ ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʩʘʜʢʦʚ. ʆʙʨʘʟʦʚʘʥʠʝ ʤʝʜʥʦʡ çh ʫʙèr ʚʦʢʨʫʛ ʘʥʦʜʘ ʠ ʫʚʝʣʠʯʝʥʠʝ 

ʤʘʩʩʳ ʦʩʘʜʢʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʪʝʨʷʥʥʦʡ ʤʘʩʩʦʡ ʵʣʝʢʪʨʦʜʘ ʦʙʲʷʩʥʷʶʪʩʷ ʭʠʤʠʯʝʩʢʠʤ 

ʨʘʩʪʚʦʨʝʥʠʝʤ ʤʝʪʘʣʣʘ ʘʥʦʜʘ ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ, ʩʦʟʜʘʥʥʦʡ ʵʣʝʢʪʨʦʣʠʟʦʤ ʚʦʜʳ, ʠ ʧʦʩʣʝʜʫʶʱʠʤ 

ʦʩʘʞʜʝʥʠʝʤ ʩʦʝʜʠʥʝʥʠʡ ʤʝʪʘʣʣʘ (ʦʢʩʠʜʦʚ, ʛʠʜʨʦʢʩʠʜʦʚ) ʩ ʚʢʣʶʯʝʥʠʝʤ ʢʦʤʧʦʥʝʥʪʦʚ ʚʦʜʳ. 

ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚʢʣʶʯʘʶʱʠʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʜʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʩʦʩʪʘʚʘ ʦʩʘʜʢʦʚ, 

ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʧʦʣʥʦʛʦ ʧʦʥʠʤʘʥʠʷ ʤʝʭʘʥʠʟʤʦʚ, ʣʝʞʘʱʠʭ ʚ ʦʩʥʦʚʝ ʥʘʙʣʶʜʘʝʤʳʭ ʷʚʣʝʥʠʡ. 

 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ: ʘʚʪʦʨʳ ʧʨʠʟʥʘʪʝʣʴʥʳ ʜ-ʨʫ ʬʠʟʠʢʦ-ʤʘʪʝʤ. ʥʘʫʢ ʉʦʧʫʝʚʫ ɸ. ʉ., ʢʘʥʜ. 
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ʉʀʉʊɽʄɸʊʀʏɽʉʂʀʁ ɸʅɸʃʀɿ ʀ ʕʂʆʃʆɻʀʗ ʊʈɸɺʗʅʀʉʊʓʍ ɺʀɼʆɺ  

ʉɽʄɽʁʉʊɺɸ Rosaceae Juss. 

 

Éɹʘʙʘʝʚʘ ʉ., ORCID: 0009-0004-4800-7276, ʢʘʥʜ. ʙʠʦʣ. ʥʘʫʢ, ʅʘʭʯʳʚʘʥʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʅʘʭʯʳʚʘʥ, ɸʟʝʨʙʘʡʜʞʘʥ, safuraaliyeva1991@gmail.com 

Éɸʣʠʝʚʘ ʉ., ʅʘʭʯʳʚʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

 ʛ. ʅʘʭʯʳʚʘʥ, ɸʟʝʨʙʘʡʜʞʘʥ, askerovmehemmed19@gmail.com 

 

Abstract. The present article investigates the herbaceous species of the family Rosaceae Juss. 

distributed in the flora of the Nakhchivan Autonomous Republic and provides an ecological 

assessment of these species. Based on the analysis of available literature sources and the results of 

original field studies, a total of 40 herbaceous species belonging to 9 genera of the family Rosaceae 

were identified and studied within the regional flora. Among them, 17 species belong to the genus 

Potentilla L., 13 species to Alchemilla L., 2 species each to Sibbaldia L., Geum L., and Filipendula 

Mill. The remaining genera are represented by monotypic taxa, each comprising a single species. The 

family Rosaceae is of considerable interest due to its high level of biodiversity and significant 

ecological importance. The results of extensive field investigations indicate that the greatest species 

diversity of herbaceous Rosaceae taxa is observed up to the middle mountain belt, within the middle 

mountain belt, and in the subalpine and alpine zones, while the lowest diversity occurs in the lower 

mountain belt. In modern botanical research, issues related to the reconstruction of botanical-

geographical and historical systems, the analysis of species distribution and genesis, and the 

clarification of distribution (areal) types are of particular importance. The herbaceous species of the 

family Rosaceae were classified according to their areal types as follows: Holarctic and Asia Minor 

(7 species each), Western Palaearctic and Northern Atropatene (6 species each), Caucasian areal class 

(5 species), Near Eastern and Northern Iranian areal classes (3 species each), Palaearctic (1 species), 

and Central Asian areal class (1 species). For one species, the areal type could not be determined. 

According to ecological group classification, it was determined that 55% of the herbaceous Rosaceae 

species are mesophytes, 35% mesoxerophytes, 5% xeromesophytes, 3% hydrophytes, and 2% 

xerophytes. 

 

ɸʥʥʦʪʘʮʠʷ. ʇʨʝʜʩʪʘʚʣʝʥʦ ʦʧʠʩʘʥʠʝ ʪʨʘʚʷʥʠʩʪʳʭ ʚʠʜʦʚ ʩʝʤʝʡʩʪʚʘ ʈʦʟʦʮʚʝʪʥʳʝ 

(Rosaceae Juss.) ʬʣʦʨr ʅʘʭʯʳʚʘʥʩʢʦʡ ɸʚʪʦʥʦʤʥʦʡ ʈʝʩʧʫʙʣʠʢʠ. ʇʨʦʚʝʜʸʥ ɻ ʢʦʣʦʛʠʯʝʩʢʠʡ 

ʘʥʘʣʠʟ. ɺr ʷʚʣʝʥʦ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ 40 ʪʨʘʚʷʥʠʩʪʳʭ ʚʠʜʦʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ 9 ʨʦʜʘʤ 

ʩʝʤʝʡʩʪʚʘ Rosaceae, ʠʟ ʥʠʭ ð 17 ʚʠʜʦʚ ʦʪʥʦʩʷʪʩʷ ʢ ʨʦʜʫ Potentilla L., 13 ʚʠʜʦʚ ï ʢ ʨʦʜʫ 

Alchemilla L., ʧʦ 2 ʚʠʜʘ ï ʢ ʨʦʜʘʤ Sibbaldia L., Geum L. ʠ Filipendula Mill. ʆʩʪʘʣʴʥʳʝ ʨʦʜʳ 

ʷʚʣʷʶʪʩʷ ʤʦʥʦʪʠʧʥʳʤʠ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʜʥʠʤ ʚʠʜʦʤ ʢʘʞʜʳʡ. ʉʝʤʝʡʩʪʚʦ Rosaceae 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʢʘʢ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ, ʪʘʢ ʠ ʩ ʧʦʟʠʮʠʠ ʝʛʦ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʨʦʣʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʝʝ ʚʠʜʦʚʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʪʨʘʚʷʥʠʩʪʳʭ 
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ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʩʝʤʝʡʩʪʚʘ ʥʘʙʣʶʜʘʝʪʩʷ ʜʦ ʠ ʚ ʧʨʝʜʝʣʘʭ ʩʨʝʜʥʝʛʦ ʛʦʨʥʦʛʦ ʧʦʷʩʘ, ʘ ʪʘʢʞʝ ʚ 

ʩʫʙʘʣʴʧʠʡʩʢʦʤ ʠ ʘʣʴʧʠʡʩʢʦʤ ʧʦʷʩʘʭ, ʪʦʛʜʘ ʢʘʢ ʥʘʠʤʝʥʴʰʝʝ ðï ʚ ʥʠʞʥʝʤ ʛʦʨʥʦʤ ʧʦʷʩʝ. ɺ 

ʩʦʚʨʝʤʝʥʥʳʭ ʙʦʪʘʥʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʦʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʶʪ ʚʦʧʨʦʩʳ 

ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʙʦʪʘʥʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʠ ʠʩʪʦʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʘʥʘʣʠʟʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ 

ʛʝʥʝʟʠʩʘ ʚʠʜʦʚ, ʘ ʪʘʢʞʝ ʫʪʦʯʥʝʥʠʷ ʠʭ ʘʨʝʘʣʴʥʳʭ ʪʠʧʦʚ. ʊʨʘʚʷʥʠʩʪʳʝ ʚʠʜʳ ʩʝʤʝʡʩʪʚʘ Rosaceae 

ʙʳʣʠ ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ ʘʨʝʘʣʴʥʳʤ ʢʣʘʩʩʘʤ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʛʦʣʘʨʢʪʠʯʝʩʢʠʡ ʠ 

ʤʘʣʦʘʟʠʘʪʩʢʠʡ (ʧʦ 7 ʚʠʜʦʚ), ʟʘʧʘʜʥʦʧʘʣʝʘʨʢʪʠʯʝʩʢʠʡ ʠ ʩʝʚʝʨʦʘʪʨʦʧʘʪʝʥʩʢʠʡ (ʧʦ 6 ʚʠʜʦʚ), 

ʢʘʚʢʘʟʩʢʠʡ ʘʨʝʘʣʴʥʳʡ ʢʣʘʩʩ (5 ʚʠʜʦʚ), ʧʝʨʝʜʥʝʘʟʠʘʪʩʢʠʡ ʠ ʩʝʚʝʨʦʠʨʘʥʩʢʠʡ ʘʨʝʘʣʴʥʳʝ ʢʣʘʩʩʳ 

(ʧʦ 3 ʚʠʜʘ), ʧʘʣʝʘʨʢʪʠʯʝʩʢʠʡ (1 ʚʠʜ) ʠ ʩʨʝʜʥʝʘʟʠʘʪʩʢʠʡ ʘʨʝʘʣʴʥʳʡ ʢʣʘʩʩ (1 ʚʠʜ). ɼʣʷ ʦʜʥʦʛʦ 

ʚʠʜʘ ʘʨʝʘʣʴʥʳʡ ʪʠʧ ʦʧʨʝʜʝʣʠʪʴ ʥʝ ʫʜʘʣʦʩʴ. ʇʦ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʛʨʫʧʧʘʤ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 55% 

ʪʨʘʚʷʥʠʩʪʳʭ ʚʠʜʦʚ ʩʝʤʝʡʩʪʚʘ Rosaceae ʦʪʥʦʩʷʪʩʷ ʢ ʤʝʟʦʬʠʪʘʤ, 35% ðï ʢ ʤʝʟʦʢʩʝʨʦʬʠʪʘʤ, 

5% ðï ʢ ʢʩʝʨʦʤʝʟʦʬʠʪʘʤ, 3% ðï ʢ ʛʠʜʨʦʬʠʪʘʤ ʠ 2% ðï ʢ ʢʩʝʨʦʬʠʪʘʤ. 

 

Keywords: Rosaceae, herbaceous, systematic analysis, geographical class, cological group, 

genus. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: Rosaceae, ʪʨʘʚʷʥʠʩʪʳʝ, ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʛʝʦʛʨʘʬʠʯʝʩʢʠʡ ʢʣʘʩʩ, 

ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʛʨʫʧʧʘ, ʨʦʜ. 

 

The richness of the flora and the diversity of vegetation types within the study area are closely 

related to its complex physical-geographical structure, the stages of its natural-historical 

development, and its formation under the influence of various floristic regions. The location of the 

region within the Caucasus ecoregion along major species migration routes has created favorable 

conditions for the development of a high level of biodiversity. These factors act as the principal 

ecological and geographical determinants shaping the structural diversity and species richness of the 

vegetation cover. In the formation of the existing floristic diversity and the development of various 

plant communities, representatives of the family Rosaceae Juss., particularly herbaceous species, play 

a significant role. From a biomorphological perspective, the family includes species with a wide 

ecological amplitude, represented by trees, shrubs, subshrubs, and herbaceous life forms. These plants 

are widely distributed under both natural and cultivated conditions. Riparian zones, as well as moist 

and marshy habitats, constitute the main ecotopes where herbaceous representatives of the family 

Rosaceae occur with higher frequency. 

At the same time, within the regional flora, herbaceous species of the family Rosaceae have not 

yet been comprehensively investigated in a systematic and purpose-oriented manner. In existing 

studies, the systematic position, ecological characteristics, distribution patterns, and areal types of 

these species have not been sufficiently summarized, which complicates an objective assessment of 

the actual role of the family within the regional flora. 

In this context, the primary objective of the present original research was to determine the 

systematic composition of herbaceous species of the family Rosaceae Juss., to analyze their 

biomorphological and bioecological characteristics, and to clarify the types and classes of their 

distributional ranges, ecological groups, and altitudinal belt distribution. The results of the study 

contribute to a more comprehensive scientific characterization of these species within the regional 

flora and provide a reliable basis for future floristic and ecological research. 

 

Material and research methods 

The studies were conducted during 2024ï2025 in various areas of the Nakhchivan Autonomous 

Republic. Different localities of the region served as the main study sites, while the research material 
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was based on published literature sources and empirical data obtained during field investigations. The 

herbaceous species of the family Rosaceae were selected as the primary objects of investigation. 

During the research, generally accepted floristic, geobotanical, and bioecological methods, as 

well as phenological observations, were employed. Species identification, verification of scientific 

names, and the consideration of nomenclatural changes were carried out based on of relevant 

publications [4-12]. 

The determination of geographical elements and the classification of distributional (areal) types 

were performed according to the schemes proposed by A. A. Grossheim and C. Portenier [1-3].  

Recent taxonomic updates were adopted in accordance with the World Flora Online database 

(https://about.worldfloraonline.org/). 

 

Discussion and conclusions of the study 

The conducted investigations and the comparative analysis of available literature sources 

indicate that herbaceous representatives of the family Rosaceae occupy a distinct position in the flora 

of the Nakhchivan Autonomous Republic. It has been established that herbaceous Rosaceae taxa 

within the regional flora are represented by 40 species belonging to 9 genera. These species are 

predominantly perennial herbaceous plants and are characterized by a high capacity for adaptation to 

diverse ecological conditions. The systematic analysis of the herbaceous species of the family 

Rosaceae is presented below [4-12]. 

 

Rosaceae Juss., nom. cons.  

1. Genus: Agrimonia L.  

1(1) Agrimonia eupatoria L.  

2. Genus: Alchemilla L.  

2(1) Alchemilla amicta Juz.  

3(2) A. epipsila Juz.  

4(3) A. erythropoda Juz.  

5(4) A. grossheimii Juz.  

6(5) A. orthotricha Rothm. (A. holotricha Juz.)  

7(6) A. persica Rothm. (A. axyrepala Juz.)  

8(7) A. raddeana (Bus.) Juz.  

9(8) A. retinervis Bus.  

10(9) A. sedelmeyeriana Juz.  

11(10) A. sericata Reichenb.ex Bus.  

12(11) A. sericea Willd.  

13(12) A. smirnovii Juz.  

14(13) A. venosa Juz.  

3. Genus: Comarum L.  

15(1) Comarum palustre L.  

4. Genus: Filipendula Mill.  

16(1) Filipendula ulmaria (L.) Maxim.  

17(2) F. vulgaris Moench (F. hexapetala Gilib.)  

5. Genus: Fragaria L.  

18(1)*Fragaria magna Thuill. [F. ananassa (Duch.) auct.]  

6. Genus: Geum L.  

19(1) Geum rivale L.  

20(2) G. urbanum L.  
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7. Genus: Potentilla L.  

21(1) Potentilla adenophylla Boiss. & Hohen.  

22(2) P. agrimonioides Bieb.  

23(3) P. anserina L.  

24(4) P. argaea Boiss. & Bal.  

25(5) P. argentea L.  

26(6) P. canescens Bess.  

27(7) P. crantzii (Crantz ) G.Beck ex Fritsch  

28(8) P. cryptophila Bornm.  

29(9) P. gelida C.A. Mey.  

30(10) P. lomakinii Grossh.  

31(11) P. obscura Willd.  

32(12) P. pedata Willd. ex Hornem.  

33(13) P. pimpinelloides L.  

34(14) P. recta L.  

35(15) P. reptans L.  

36(16) P. supina L.  

37(17) P. szovitsii Th.Wolf   

8. Genus: Poterium L.  

38(1) Poterium polygamum Waldst. & Kit. 

9. Genus: Sibbaldia L.  

39(1) Sibbaldia parviflora Willd.  

40(2) S. semiglabra C.A. Mey.  

The analysis of herbaceous species of the family Rosaceae by genera in the studied area is 

presented in Table 1. 
 

Table 1 

ANALYSIS OF HERBACEOUS SPECIES OF THE FAMILY Rosaceae BY GENERA 
 

Genera Number of species Percentage of the total (%) 

Agrimonia L. 1 2,5 

Alchemilla L. 13 32,5 

Comarum L. 1 2,5 

Filipendula Mill.  2 5 

Fragaria L. 1 2,5 

Geum L. 2 5 

Potentilla L. 17 42,5 

Poterium L. 1 2,5 

Sibbaldia L. 2 5 

Total: 40 100 

 

Based on the data presented in Table 1, the genus Potentilla L. predominates in terms of species 

richness. This genus includes 17 species, accounting for 42.5% of the total number of species. The 

second most represented genus is Alchemilla L., with 13 recorded species, representing 32.5% of the 

total. The remaining genera are comparatively less represented in terms of species number. 

Specifically, the genera Filipendula Mill., Geum L., and Sibbaldia L. are each represented by 2 

species, corresponding to 5% of the total species number. The genera Agrimonia L., Comarum L., 

Fragaria L., and Poterium L. are monotypic and each is represented by 1 species (2.5%). Their 

limited distribution within the study area is associated with narrower ecological requirements and 
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specific associations with certain phytocoenoses. Based on the data presented in Table 1, the genus 

Potentilla L. predominates in terms of species richness. This genus includes 17 species, accounting 

for 42.5% of the total number of species. The second most represented genus is Alchemilla L., with 

13 recorded species, representing 32.5% of the total. The remaining genera are comparatively less 

represented in terms of species number. Specifically, the genera Filipendula Mill., Geum L., and 

Sibbaldia L. are each represented by 2 species, corresponding to 5% of the total species number. The 

genera Agrimonia L., Comarum L., Fragaria L., and Poterium L. are monotypic and each is 

represented by 1 species (2.5%). Their limited distribution within the study area is associated with 

narrower ecological requirements and specific associations with certain phytocoenoses [5, 10]. 

The classification of plants into ecological groups is of great importance for the study of floristic 

composition, the explanation of vegetation formation, and the analysis of the bioecological 

characteristics of different geographical regions. The herbaceous (non-woody) species of the family 

Rosaceae are mainly divided, according to their moisture requirements, into hydrophytes, 

mesophytes, xerophytes, xero-mesophytes, and meso-xerophytes (Figure 1). 

 

 
Figure 1. Distribution of herbaceous (non-woody) species of the family Rosaceae according to 

ecological groups 

 

As shown in the figure, the distribution of herbaceous (non-woody) species of the family 

Rosaceae among ecological groups in the studied area is uneven in character, which is closely related 

to the naturalïgeographical and climatic conditions of the region. Among the ecological groups, 

mesophytes predominate, accounting for 55% of the total species composition. Meso-xerophytes are 

less abundant compared to mesophytes and constitute 35% of the total flora. 

Xero-mesophytes account for 5% of the total flora and are mainly represented by species that 

occur in mesophytic habitats but are tolerant to short-term drought conditions. Hydrophytes and 

xerophytes are represented by a low proportion (2,5%), which is associated with the limited 

distribution of water bodies and permanently moist habitats, as well as the restricted occurrence of 

typical arid landscapes within the area. The presence of species belonging to limited-distribution areal 

classes reflects the influence of microclimatic and relief factors on floristic diversity, especially in 

mountainous areas. Herbaceous species distributed in mountainous and high-mountain zones are 

mainly characterized by regional and local areal types, indicating that these areas represent 

florogenetically important centers. Among the herbaceous species of the family Rosaceae, taxa 

belonging to regional areal classes such as the Caucasus, Asia Minor, Northern Atropatene, Western 

Asia, and Northern Iran are also widely represented. This confirms that the CaucasusïAtropatene 

floristic province is rich in species diversity and endemism (Figure 2). 

55%

35%

5%

2%
3%

Mesophytes Meso-xerophytes Xero-mesophytes Xerophytes Hydrophytes
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Figure 2. Distribution of herbaceous (non-woody) species of the family Rosaceae Juss. according to 

geographical areal classes 

 

The herbaceous species of the family Rosaceae are represented at different levels across 

geographical areal types. Among these elements, Holarctic and Asia Minor taxa predominate, each 

characterized by seven species. The Western Palaearctic and Northern Atropatene areal classes are 

represented by six species each. Species belonging to the Caucasian areal class occupy an 

intermediate position with five species, indicating the presence of taxa adapted to mountainous relief 

and local ecological conditions. The Near Eastern and Northern Iranian areal classes are each 

represented by three species, suggesting the existence of floristic connections with these regions, 

although they do not play a leading role. 

The lowest representation is observed in the Central Asian and Palaearctic areal classes, each 

represented by a single species. This pattern may be explained by the limited adaptation of herbaceous 

Rosaceae species to the continental and sharply contrasting climatic conditions of Central Asia. 

According to our investigations, the areal type and class of one species (Potentilla obscura) could not 

be determined. Due to the complex relief of Azerbaijan, and particularly of the Nakhchivan 

Autonomous Republic, several altitudinal belts have formed, which constitute the basis of floristic 

diversity in the region. Owing to their ecological plasticity, the herbaceous species of the family 

Rosaceae are distributed across different altitudinal belts. These species are most widely represented 

in foothill, lower-mountain, and middle-mountain zones, indicating that moderately humid conditions 

and moderate temperatures are optimal for their development. In particular, meadows and forest edges 

are considered the main biotopes for herbaceous representatives of the family Rosaceae (Figure 3). 

 

 
 

Figure 3. Distribution of herbaceous species of the family Rosaceae across altitudinal belts 
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The presented diagram clearly illustrates the distribution of the studied species across altitudinal 

belts. Based on the conducted investigations, it has been established that the herbaceous species of 

the family Rosaceae in the flora of the Nakhchivan Autonomous Republic are distributed over a wide 

altitudinal range, from the lower mountain belt to the alpine belt. 

The lower and middle mountain belts mainly comprise relatively humid areas that are more 

exposed to anthropogenic influence. Within these belts, species such as Comarum palustre, Potentilla 

adenophylla, P. supina, and Fragaria magna are distributed. Agrimonia eupatoria and Filipendula 

ulmaria are particularly distinguished as widely distributed species in the middle mountain belt under 

mesophytic and meso-xerophytic conditions. 

The middle mountain belt and adjacent areas represent one of the richest zones in terms of 

species diversity. In this belt, species such as Filipendula vulgaris, Geum urbanum, Potentilla 

argentea, P. canescens, P. obscura, P. pedata, P. recta, and P. reptans have been recorded. 

The transition zone from the middle mountain belt to the subalpine belt is of particular 

ecological significance. In this zone, species such as Alchemilla epipsila, Filipendula vulgaris, Geum 

rivale, and Potentilla anserina are observed. 

The subalpine belt represents one of the main centers of distribution for species of the family 

Rosaceae, especially those belonging to the genera Alchemilla and Potentilla. Within this belt, 

Alchemilla amicta, A. erythropoda, A. grossheimii, A. orthotricha, A. persica, A. raddeana, A. 

sericata, A. smirnovii, as well as Potentilla agrimonioides, P. argaea, P. crantzii, P. cryptophila and 

Sibbaldia parviflora are widely distributed. 

The high-mountain belt is relatively poorly represented in terms of species richness. This zone 

is mainly inhabited by species of Northern Atropatene origin, such as Potentilla lomakinii and P. 

pimpinelloides, indicating their regional endemic characteristics. 

Thus, as a result of the conducted studies, the systematic composition of the herbaceous species 

of the family Rosaceae occurring in the flora of the Nakhchivan Autonomous Republic has been 

determined, and the altitudinal belts, ecological groups, geographical areal types, and areal classes of 

these species have been investigated. The results of the study constitute an important scientific basis 

for further research on the herbaceous species of the family Rosaceae distributed within the region. 

 

Results 

During the conducted investigations, the flora of the Nakhchivan Autonomous Republic was 

found to include 40 herbaceous (non-woody) species of the family Rosaceae belonging to 9 genera. 

Among these, 17 species belong to Potentilla L., 13 species to Alchemilla L., 2 species to Sibbaldia 

L., 2 species to Geum L., and 2 species to Filipendula Mill. The remaining genera are monotypic, 

each represented by a single species. 

Analysis of ecological groups revealed that 55% (22 species) of the herbaceous Rosaceae 

species are mesophytes, 35% (14 species) are meso-xerophytes, 5% (2 species) are xero-mesophytes, 

2,5% are hydrophytes (1 species), and 2,5% (1 species) are xerophytes. 

According to the analysis of geographical areal types, 7 species (17.5%) belong to the Holarctic 

and Asia Minor areal classes, 6 species (15%) to the Western Palaearctic and Northern Atropatene 

classes, 5 species (12.5%) to the Caucasian areal class, 3 species (7.5%) to the Near Eastern and 

Northern Iranian areal classes, 1 species (2.5%) to the Palaearctic areal class, and 1 species (2.5%) to 

the Central Asian areal class. The areal type of Potentilla obscura remains undetermined. 

The distribution of herbaceous species of the family Rosaceae occurring in the flora of the 

Nakhchivan Autonomous Republic was investigated according to altitudinal belts. It was established 

that 1 species occurs in the lower mountain belt, 3 species in the lower and middle mountain belts, 6 

species up to the middle mountain belt, 6 species in the middle mountain belt, 1 species in the middle 
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and high mountain belts, 2 species in the middle mountain and subalpine belts, 2 species in the high 

mountain belt, 3 species in the subalpine belt, 5 species in the alpine belt, and 11 species in both the 

subalpine and alpine belts. 
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Abstract. The study conducted in 2024ï2025 investigated the structure and interactions of 

ecosystem components in Binagadi Lake and its adjacent areas in Baku, Azerbaijan. The research 

focused on bird fauna, vegetation cover, and soil characteristics using field observations, geobotanical 

surveys, and soil analyses. A total of 37 bird species belonging to 11 orders were recorded, classified 

as sedentary, migratory, and wintering groups. Rare and protected species, including Aquila 

nipalensis, Buteo rufinus, Falco naumanni, Porphyrio porphyrio, and Ardea purpurea, indicate the 

lakeôs ecological importance and its strategic role along regional migration routes. Geobotanical 

surveys identified 27 vascular plant species from 10 families and 22 genera, with 22 annuals and 5 

perennials. Most plants are halophytes and xerophytes, reflecting adaptation to saline soils and arid 

climate. Soil studies showed gray-brown solonetzic soils with low humus content (0.82ï1.11 %), high 

carbonates (~33 %), high clay content (53ï70 %), and deep salinity (3.7 %). These soil conditions 

shape the vegetation toward stress-tolerant annual species, which provide feeding and nesting habitats 

for birds. Marshy zones support waterfowl, while predatory birds maintain trophic balance. Overall, 

the Binagadi Lake ecosystem is dynamic and functionally resilient but sensitive to anthropogenic 

pressures. Continuous monitoring, bioindicator species assessment, and conservation measures are 

essential to preserve biodiversity and reduce urbanization impacts. 

 

ɸʥʥʦʪʘʮʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʚ 2024ï2025 ʛʦʜʘʭ. ɹʳʣʠ ʠʟʫʯʝʥʳ ʩʪʨʫʢʪʫʨʘ ʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʢʦʩʠʩʪʝʤʳ ʦʟʝʨʘ ɹʠʥʘʛʘʜʠ ʠ ʧʨʠʣʝʛʘʶʱʠʭ ʪʝʨʨʠʪʦʨʠʡ (ɹʘʢʫ, ɸʟʝʨʙʘʡʜʞʘʥ). 

ɹʳʣʠ ʦʧʠʩʘʥʳ ʦʨʥʠʪʦʬʘʫʥʘ, ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʠ ʧʦʯʚʳ. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʧʦʯʚʳ ʠ 

ʛʝʦʙʦʪʘʥʠʯʝʩʢʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ. ɺʩʝʛʦ ʙʳʣʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ 37 ʚʠʜʦʚ ʧʪʠʮ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ 

ʢ 11 ʦʪʨʷʜʘʤ, ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʥʳʤ ʢʘʢ ʦʩʝʜʣʳʝ, ʧʝʨʝʣʝʪʥʳʝ ʠ ʟʠʤʫʶʱʠʝ ʛʨʫʧʧʳ. ʂ ʨʝʜʢʠʤ 

ʠ ʦʭʨʘʥʷʝʤʳʤ ʚʠʜʘʤ ʦʪʥʦʩʷʪʩʷ Aquila nipalensis, Buteo rufinus, Falco naumanni, Porphyrio 

porphyrio ʠ Ardea purpurea. ɺ ʭʦʜʝ ʛʝʦʙʦʪʘʥʠʯʝʩʢʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʚʳʷʚʣʝʥʦ 27 ʚʠʜʦʚ 

ʩʦʩʫʜʠʩʪʳʭ ʨʘʩʪʝʥʠʡ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʢ 10 ʩʝʤʝʡʩʪʚʘʤ ʠ 22 ʨʦʜʘʤ, ʠʟ ʢʦʪʦʨʳʭ 22 ʷʚʣʷʶʪʩʷ 

ʦʜʥʦʣʝʪʥʠʤʠ ʠ 5 ð ʤʥʦʛʦʣʝʪʥʠʤʠ. ɹʦʣʴʰʠʥʩʪʚʦ ʨʘʩʪʝʥʠʡ ʷʚʣʷʶʪʩʷ ʛʘʣʦʬʠʪʘʤʠ ʠ 

ʢʩʝʨʦʬʠʪʘʤʠ, ʯʪʦ ʦʪʨʘʞʘʝʪ ʠʭ ʘʜʘʧʪʘʮʠʶ ʢ ʟʘʩʦʣʝʥʥʳʤ ʧʦʯʚʘʤ ʠ ʟʘʩʫʰʣʠʚʦʤʫ ʢʣʠʤʘʪʫ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʯʚʳ ʚʳʷʚʠʣʠ ʥʘʣʠʯʠʝ ʩʝʨʦ-ʢʦʨʠʯʥʝʚʳʭ ʩʦʣʦʥʮʦʚʳʭ ʧʦʯʚ ʩ ʥʠʟʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʛʫʤʫʩʘ (0,82ï1,11%), ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʘʨʙʦʥʘʪʦʚ (~33%), ʟʥʘʯʠʪʝʣʴʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʛʣʠʥʳ ʠ ʪʷʞʝʣʦʡ ʛʣʠʥʳ (53ï70%) ʠ ʛʣʫʙʦʢʦʡ ʟʘʩʦʣʝʥʥʦʩʪʴʶ (3,7%). ʕʪʠ 

ʧʦʯʚʝʥʥʳʝ ʫʩʣʦʚʠʷ ʩʧʦʩʦʙʩʪʚʫʶʪ ʨʘʟʚʠʪʠʶ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ 

ʩʪʨʝʩʩʦʫʩʪʦʡʯʠʚʳʤʠ ʦʜʥʦʣʝʪʥʠʤʠ ʚʠʜʘʤʠ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʤʝʩʪʘ ʜʣʷ ʧʦʠʩʢʘ ʧʠʱʠ ʠ 

ʛʥʝʟʜʦʚʘʥʠʷ ʧʪʠʮ. ɹʦʣʦʪʘ ʠ ʚʦʜʥʦ-ʙʦʣʦʪʥʳʝ ʫʛʦʜʴʷ ʧʦʜʜʝʨʞʠʚʘʶʪ ʚʦʜʦʧʣʘʚʘʶʱʠʭ ʧʪʠʮ, ʘ 

ʭʠʱʥʳʝ ʚʠʜʳ ʧʦʜʜʝʨʞʠʚʘʶʪ ʪʨʦʬʠʯʝʩʢʠʡ ʙʘʣʘʥʩ. ʕʢʦʩʠʩʪʝʤʘ ʦʟʝʨʘ ɹʠʥʘʛʘʜʠ ʜʠʥʘʤʠʯʥʘ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʫʩʪʦʡʯʠʚʘ, ʥʦ ʯʫʚʩʪʚʠʪʝʣʴʥʘ ʢ ʘʥʪʨʦʧʦʛʝʥʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ. ɼʣʷ ʩʤʷʛʯʝʥʠʷ 
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ʥʝʛʘʪʠʚʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ ʫʨʙʘʥʠʟʘʮʠʠ ʥʝʦʙʭʦʜʠʤʳ ʧʦʩʪʦʷʥʥʳʡ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ, 

ʦʮʝʥʢʘ ʚʠʜʦʚ-ʙʠʦʠʥʜʠʢʘʪʦʨʦʚ ʠ ʤʝʨʳ ʧʦ ʩʦʭʨʘʥʝʥʠʶ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ. 

 

Keywords: Binagadi Lake, bird fauna, vegetation cover, soil cover, biodiversity, anthropogenic 

impact. 

  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʟʝʨʦ ɹʠʥʘʛʘʜʠ, ʦʨʥʠʪʦʬʘʫʥʘ, ʨʘʩʪʠʪʝʣʴʥʳʡ ʧʦʢʨʦʚ, ʧʦʯʚʝʥʥʳʡ 

ʧʦʢʨʦʚ, ʙʠʦʣʦʛʠʯʝʩʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ, ʘʥʪʨʦʧʦʛʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ. 

 

In the modern era, accelerated urbanization, the expansion of industrial and transport 

infrastructure, and increased population density exert strong anthropogenic pressures on natural 

ecosystems. These processes, especially in large urban agglomerations, are accompanied by changes 

in the structural and functional characteristics of soil, water, and biological diversity components. 

Maintaining the sustainability of urban ecosystems and objectively assessing their ecological state is 

one of the main priorities in contemporary ecology. 

The Absheron Peninsula, particularly the central part encompassing Baku city, is characterized 

as a region subjected to long-term anthropogenic influence. Oil industry development, intensive 

urbanization, industrial waste, transportation emissions, and transformations of soil cover have 

altered natural landscapes. At the same time, the Absheron Peninsula, due to its natural-geographical 

features, is rich in lake-marsh complexes, which play a vital role in regional ecological balance. 

The territory of Baku and its surrounding zones is surrounded by lake-marsh systems. The 

formation and development of numerous lakes in Absheron are closely related to climate, relief, 

geological-lithological structure, groundwater levels, and mineralization [1].  

The semi-arid climate, low precipitation, and high evaporation directly affect the hydrological 

regime and biological productivity of these lakes. Such hydroecosystems are critical habitats for 

various organisms, especially birds, providing feeding, nesting, and stopover sites during migration. 

One of the ecologically significant water bodies of the Absheron Peninsula is Binagadi Lake. 

Despite its relatively small area (0.015 kmĮ), Binagadi Lake is a unique site in terms of both 

contemporary biodiversity and paleontological significance. The lake area is known for rich fossil 

deposits dating back to the Pleistocene period, highlighting its ancient geological history and complex 

stages of ecosystem development. These features make Binagadi Lake a key scientific research object 

on the Absheron Peninsula. 

In recent years, Binagadi Lake and its surrounding areas have faced increasing pressures from 

urbanization, industrial and domestic waste, soil salinization, and degradation. Such anthropogenic 

impacts have altered the lakeôs hydrological regime, disrupted vegetation structure, and affected 

faunal complexes, particularly bird species diversity and population dynamics [2].  

Birds serve as important bioindicator groups for assessing ecosystem health, as their species 

composition, abundance, and habitat status respond sensitively to environmental changes. Bird fauna 

in Binagadi Lake includes both migratory and sedentary species, some of which are listed in the Red 

Book of the Republic of Azerbaijan. This underscores the areaôs high significance for biodiversity 

conservation. Simultaneously, the vegetation cover and soil structure in the lakeôs vicinity are key 

components for evaluating the overall ecological status and resilience of the ecosystem to 

anthropogenic pressures [3]. 

Soil, as a fundamental structural element of ecosystems, plays a critical role in vegetation 

formation, nutrient cycling, and overall biological productivity. In Binagadi Lake, widespread gray-

brown solonetzic soils with low fertility, high carbonate content, and deep salinity increase ecological 

stress in the area. In this context, a comprehensive study of the contemporary ecological status of 
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Binagadi Lake, including bird fauna dynamics by ecological groups, floristic characteristics of 

vegetation, and morphological and physico-chemical properties of soil, is of significant scientific and 

practical value. The research contributes to regional biodiversity conservation and provides a basis 

for ecological monitoring of lake ecosystems under urbanization conditions [4]. 

 

Materials and Methods 

The research was conducted in 2024ï2025 in the northwestern part of the Absheron Peninsula, 

within the administrative boundaries of Baku city, focusing on Binagadi Lake and its adjacent areas. 

The study area represents a hydroecosystem characterized by a combination of semi-arid and lake-

marsh landscape elements and has been exposed to long-term urbanization and anthropogenic 

pressures. Field observations were primarily carried out during the autumnïwinter period, which is 

particularly significant for identifying migratory and wintering bird species. 

Binagadi Lake is a closed water body with an area of approximately 0.015 kmĮ. The surrounding 

areas are characterized by poorly drained soils with high evaporation potential and susceptibility to 

salinization. The local climate is semi-arid, with low annual precipitation and high summer 

temperatures. 

The study was conducted using an integrated ecological approach, combining ornithological, 

geobotanical, and soil science methods. Field and laboratory studies were interconnected, and 

comparative analyses and extensive literature data were employed to ensure the objectivity of the 

results. 

For the assessment of bird fauna, transect and stationary observation methods were applied. 

Transect observations were carried out along predefined routes around the lake perimeter, while 

stationary observations were conducted in areas with high bird concentrations. Observations were 

mainly conducted in the morning (8:00 AM ï 11:00 AM) and late afternoon (4:00 PM ï 6:30 PM). 

Bird species identification was based on visual observations, binoculars, photographic 

documentation, and vocalizations. Taxonomic identification followed international ornithological 

nomenclature standards. Species abundance was determined using relative counting methods, and 

residency status was classified into sedentary, migratory, wintering, and accidental categories. 

The conservation status of bird species was evaluated using the Red Book of the Republic of 

Azerbaijan and the International Union for Conservation of Nature (IUCN) categories. The obtained 

data were analyzed comparatively with previous regional ornithological studies. 

For vegetation analysis, geobotanical description, route-quadrat, and floristic inventory 

methods were applied. Sample plots of 1Ĭ1 m and 5Ĭ5 m were established to record species 

composition, cover degree, and life forms. 

Taxonomic identification of vascular plants was performed based on regional floras and 

contemporary systematic approaches. Plants were categorized into annual and perennial groups, and 

floristic composition was analyzed by family and genus. The impact of anthropogenic factors on 

vegetation formation was also assessed. Soil studies included both field and laboratory phases. Soil 

profiles were excavated in the field to describe morphological structure, horizon thickness, color, 

structure, and carbonate content. Soil samples were collected from 0ï20 cm and 20ï40 cm layers. 

In the laboratory, humus content was determined using the Tyurin method, soil texture was 

analyzed using the pipette method, carbonate content was measured by a gasometric method, and 

salinity levels were estimated based on the total content of water-soluble salts. Soil types were 

classified according to the national soil classification system and soil science literature. Comparative 

and statistical methods were used to process and analyze the data. Relationships between bird species 

diversity, vegetation structure, and soil characteristics were examined. The results were 

systematically presented in tables and diagrams and discussed in comparison with previous studies. 
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Results and Discussion 

Based on systematic field observations conducted in 2024ï2025, 37 bird species belonging to 

11 orders were recorded in Binagadi Lake and its adjacent areas. These species are categorized 

ecologically as sedentary, migratory, and wintering, demonstrating that the lake provides optimal 

conditions for feeding and nesting during different life cycles of birds. The taxonomic and ecological 

structure of the observed species emphasizes the lakeôs strategic importance along regional migration 

routes and its significance for waterfowl adapted to semi-arid conditions [5]. 

The bird fauna is dominated by the orders Passeriformes, Accipitriformes, Falconiformes, 

Gruiformes, and Pelecaniformes. Notably, species belonging to Gruiformes and Pelecaniformes, 

associated with aquatic and marsh habitats, indicate the abundance of food resources in the lake and 

wetland areas. Additionally, the presence of predatory birds (Accipitriformes and Falconiformes) 

reflects active ecosystem functions such as predation and population regulation. Among the rare and 

protected species, Aquila nipalensis, Buteo rufinus, Falco naumanni, Porphyrio porphyrio, and Ardea 

purpurea are noteworthy. The presence of these species underscores the strategic importance of the 

ecosystem for biodiversity conservation. Predatory species such as Aquila nipalensis and Buteo 

rufinus occupy the top of the trophic chain, maintaining ecological balance and serving as indicators 

of biodiversity. Porphyrio porphyrio and Ardea purpurea act as bioindicators for assessing the health 

of marsh ecosystems [6]. 

The study also revealed that migratory species reach peak abundance during the autumn and 

winter seasons, highlighting Binagadi Lakeôs strategic position along regional migration corridors. 

The presence of sedentary and wintering species provides insights into the level of adaptation to 

urbanization and anthropogenic pressures. Table 1 presents the taxonomic and ecological 

characteristics, abundance, ecological groups, and conservation status of bird species recorded in 

Binagadi Lake (2024ï2025). 
 

Table 1 

TAXONOMIC AND ECOLOGICAL CHARACTERISTICS 

 OF BIRD SPECIES RECORDED IN BINAGADI LAKE (2024ï2025) 
 

Order Species Ecological Group Abundance Conservation Status 

Accipitriformes Aquila nipalensis Migratory Low LC; IV.1 

Accipitriformes Buteo rufinus Sedentary Medium LC; IV.1 

Falconiformes Falco naumanni Migratory Low LC; III  

Gruiformes Porphyrio porphyrio Wintering Low LC; II.5 

Pelecaniformes Ardea purpurea Migratory Low LC; II.5 

Passeriformes Various species Sedentary/Migratory High ï 

 

Comprehensive ornithological research conducted at Binagadi Lake (Table 1) clearly confirms 

the lakeôs significant ecological function within the region. The diversity of species recorded during 

migration and wintering seasons indicates that the lake lies along internationally important migratory 

routes. This characteristic underscores the lakeôs role as a crucial stopover and resting site for both 

local and regional migrant populations. The high species richness observed during migration periods 

is of strategic importance for the maintenance of global migration systems and the stability of 

biodiversity indicators. The abundance and ecological distribution of species belonging to the order 

Passeriformes demonstrate that these birds possess a high capacity for adaptation to urbanization and 

anthropogenic landscape transformations. Their dominance within the assemblage reflects the 

existence of ecological resilience mechanisms enabling them to withstand stress factors such as 

habitat fragmentation, noise pollution, artificial light, and spatial constraints common in peri-urban 
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ecosystems. Such adaptive responses can be associated with flexible feeding strategies, diverse 

nesting behaviors, and short generational cycles. 

Analysis of population density and spatial distribution reveals heterogeneity in habitat 

conditions along different shores of the lake. Waterbirds and marsh-associated species are primarily 

concentrated along the western and southern margins, where more stable hydrological rhythms, 

reduced fluctuations in water level, and richer sediments and macrophyte vegetation are present. 

These microzones offer abundant food resources as well as protective structures shielding birds from 

predators. By contrast, lower numbers of waterbirds recorded in the eastern and northern parts of the 

lake may be attributed to higher levels of anthropogenic disturbance, altered soil cover, and 

recreational pressure. The predominance of raptors in the terrestrial zones surrounding the lake 

confirms the stability of the trophic pyramid and the presence of functional ecological interactions. 

The hunting behavior of these species indicates that they act as regulators of small mammal and small 

bird populations within the area. The presence of higher trophic levels therefore serves as an important 

indicator of the overall ecological health of the ecosystem [7]. 

The collected data demonstrate that Binagadi Lake is not only a feeding and nesting habitat but 

also a landscape unit of high ecological value where bioindicator species and complex trophic 

interactions are maintained. These ornithological findings provide a fundamental basis for the 

development of long-term biomonitoring programs. Assessing the areaôs environmental stability, 

determining the extent of anthropogenic impacts, and designing contemporary conservation strategies 

for the sustainable management of the ecosystem are becoming increasingly necessary. 

Extensive geobotanical surveys conducted in 2024ï2025 allowed for a more detailed 

assessment of the floristic diversity of the Binagadi Lake ecosystem. A total of 27 vascular plant 

species belonging to 10 families and 22 genera were identified, reflecting the formation of a mosaic 

landscape structure around the lake. The dominance of annual species (22 species) indicates short 

vegetation cycles characteristic of arid and semi-arid environments, rapid evaporation of soil 

moisture, and strong anthropogenic pressure. The relatively low number of perennial species (5 

species) may be associated with limitations in local phytocenoses caused by pronounced seasonal 

fluctuations and high soil salinity. 

Ecological analyses of the vegetation reveal that the prevalence of halophytic and xerophytic 

species reflects well-defined adaptation mechanisms to high soil salinity, low precipitation, water 

scarcity, and intense evaporation rates. The families Poaceae, Amaranthaceae, and Asteraceae are key 

indicators of tolerance to extreme environmental stressors. Their representatives exhibit traits typical 

of semi-desert ecosystems, such as deep root systems, morphological modifications aimed at 

minimizing water loss (e.g., thickened cuticles, reduced leaf surface area, leaf pubescence), and 

osmotic regulation. The few species belonging to the Cyperaceae family indicate the presence of 

limited wetland microhabitats along the lakeôs margins. As water-halophytic ecological types, these 

species thrive only under specific hydrological conditions, making them valuable indicators for 

assessing the hydrodynamic structure of the area. 

The findings demonstrate that the floristic and phytocenotic structure of the lake has been 

shaped by the combined influence of natural factors (climate, soil salinity, hydrological regime) and 

anthropogenic impacts (land-use changes, construction activities, household waste accumulation, 

recreational pressure). The ecological composition and adaptive strategies of the vegetation provide 

essential insights into the landscape dynamics of the region. Table 2 summarizes the distribution of 

plant species by family, life form, and ecological type, offering a comprehensive picture of the 

geobotanical structure of the lake. Overall, the Binagadi Lake ecosystem presents significant potential 

for biodiversity conservation and highlights the need for sustainable management of soil and water 

resources, as well as comprehensive assessment of ecological risks in the area. 
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Table 2 

DISTRIBUTION OF VEGETATION IN BINAGADI LAKE  

BY FAMILIES AND LIFE FORMS (2024ï2025) 
 

Family Number of 

Genera 

Number of 

Species 

Annual Perennial Ecological Type 

Poaceae 5 7 6 1 Xerophyte/Halophyte 

Fabaceae 3 4 3 1 Xerophyte 

Amaranthaceae 2 3 3 0 Halophyte 

Asteraceae 3 5 4 1 Xerophyte 

Cyperaceae 2 2 1 1 Hydro-halophyte 

Other families 7 6 5 1 Xerophyte/Halophyte 

 

The comprehensive ecological edaphic analysis of the vegetation and soil characteristics of 

Binagadi Lake (Table 2) demonstrates a strong functional relationship between the lakeôs floristic 

structure and the physical-chemical properties of the soil, indicating that this relationship serves as a 

key ecological mechanism determining the dynamics of ecosystem formation, its resilience to 

anthropogenic impacts, and its biodiversity potential. In particular, the predominance of annual 

species reflects poor soil fertility, depleted humus reserves, soil degradation resulting from 

urbanization, and the semi-arid climatic conditions prevailing in the region, thereby illustrating the 

stress-adaptive structure of the local phytocoenoses. Annual plants complete their life cycle rapidly 

under extreme abiotic conditions, including high evaporation rates, low precipitation, soil salinity, 

and mechanical compaction, thus maintaining their adaptive capacity in harsh ecological 

environments. Conversely, the relatively low proportion of perennial species is associated with the 

high clay content of heavy-textured soils, which limits aeration and water regimes, as well as the high 

carbonate content, which reduces the availability of essential nutrients; the alkaline soil pH under 

high salinity further constrains plant growth, while frequent disturbances of the soil surface caused 

by anthropogenic pressures, construction activities, and land use practices impede the development 

of deep root systems necessary for perennial survival. 

The concurrent presence of halophytic and xerophytic elements clearly reflects the ecotonal 

character of the Binagadi Lake area, which encompasses both semi-arid dryland vegetation and 

localized marshy microzones. This floristic diversity allows halophytes, adapted to ion exchange and 

osmotic regulation in saline soils, and xerophytes, exhibiting tolerance to water scarcity and high 

temperature amplitudes, to coexist within the same ecosystem. Notably, hydro-halophytic elements 

of the Cyperaceae family are restricted to wetter microhabitats, where the local hydrological regime 

is relatively stable, providing essential feeding and shelter habitats for waterfowl. This underscores 

the importance of vegetation complexes as critical substrates supporting trophic interactions and 

ecosystem functionality, particularly for the ornithofauna of the lake. Overall, the stress-adapted, 

mosaic structure of the vegetation indicates that, despite significant anthropogenic pressures, 

Binagadi Lake maintains a degree of ecological integrity and functional continuity, rendering it a 

reliable bioindicator for long-term ecosystem monitoring. 

Furthermore, the detailed analysis of soil characteristics (Table 3) confirms that gray-brown 

solonetz-type soils dominate the lakeôs surroundings. The low humus content (0.82ï1.11%) reflects 

weak soil structure, poor agrochemical properties, limited microbial activity, and slow organic matter 

decomposition, thereby constraining the availability of nutrients essential for plant growth. The high 

carbonate content (~33%) results in elevated alkalinity, reducing the solubility and bioavailability of 

key macro- and micronutrients, including phosphorus, iron, manganese, and zinc. The high proportion 

of clay and heavy clay fractions (53ï70%) impedes water infiltration, reduces drainage, and limits 

aeration within the root zone, leading to restricted vegetative development and heterogeneous, mosaic 
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patterns in plant cover. Soil salinity at 3.7% provides conditions suitable only for halophytic and 

xerophytic species, while physiologically sensitive plants are unable to survive. Collectively, these 

edaphic characteristics constitute the primary determinants of the lakeôs floristic composition and 

confirm that soilïplant interactions play a decisive role in structuring the functional dynamics of the 

ecosystem as a whole. 
 

Table 3 

KEY PHYSICAL-CHEMICAL CHARACTERISTICS  

OF SOILS AND ECOLOGICAL ASSESSMENT IN BINAGADI LAKE (2024ï2025) 
 

Indicator Unit Value Ecological Assessment 

Humus content % 0.82ï1.11 Low fertility 

Carbonate content % ~33 High carbonate 

Clay and heavy clay % 53ï70 Heavy texture 

Salinity % 3.7 Severe salinization 

Soil type ï Gray-brown solonetz Degradation-prone 

 

Soil analyses conducted at Binagadi Lake (Table 3) indicate that the edaphic conditions of the 

area represent a key factor directly determining the structural and functional organization of the 

ecosystem. The low humus content (0.82ï1.11%) results in reduced biological productivity and limits 

the development of vegetation cover. Under such conditions, stress-tolerant annual species 

predominate, reflecting the adaptive strategies of the phytocoenoses to both abiotic and anthropogenic 

pressures. The low humus content also restricts soil microbiological activity, slows down the 

decomposition of organic matter, and consequently reduces the nutrient base available for plants. 

High carbonate content (~33%) increases soil alkalinity, impedes the uptake of macro and 

micronutrients (such as phosphorus, iron, manganese, and zinc) by plants, and consequently weakens 

the efficiency of trophic cycles. The limited availability of essential nutrients affects both the structure 

of vegetation and the interactions between soil and plants. The high proportion of heavy clay fractions 

(53ï70%) reduces water infiltration and drainage, impedes proper root system development, and 

results in a mosaic and heterogeneous vegetation structure. The soil salinity of 3.7% allows the 

survival of only halophytic and xerophytic species, whereas the physiological requirements of other 

species prevent their development under these conditions. These edaphic conditions play a 

fundamental role in shaping both vegetation and its ecological functions. The stress-adapted 

vegetation structure dominated by annual halophytes and xerophytes ensures the survival of plants 

under extreme abiotic conditions, such as water scarcity and high soil salinity. This vegetation not 

only supports plant persistence but also provides essential substrates for the feeding and nesting of 

avian fauna in the surrounding areas of the lake. 

The spatial distribution of vegetation according to microzones directly influences the settlement 

of bird populations across different parts of the lake. Waterfowl and marsh-associated species are 

concentrated primarily along the western and southern shores, where vegetation is denser, water 

levels are more stable, and microhydrological conditions are favorable. Predatory birds are mostly 

observed in terrestrial zones, contributing to the maintenance of trophic pyramid stability and the 

regulatory functions of the food chain. Thus, the interactions between soil conditions and vegetation 

cover directly determine the spatial distribution, feeding behavior, and reproductive activity of bird 

populations. 

Anthropogenic influences including urbanization, industrial activities, and soil layer 

modification negatively impact the ecosystem structure. Low soil fertility and high salinity reduce 

vegetation cover and species diversity, which, in turn, limits the availability of habitats and food 

resources for birds. This chain of effects compromises the trophic and functional balance of the lake 
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ecosystem and places its biodiversity under potential risk. Binagadi Lake represents a dynamic 

trophic and functional system, where the interactions among soil, vegetation, and bird fauna are 

critical for biodiversity conservation and sustainable resource management. Therefore, continuous 

ecological monitoring, the development of conservation strategies, and the careful management of 

urbanization processes are essential. Bioindicator species, particularly waterfowl and halophytic 

plants, serve as effective tools for monitoring anthropogenic impacts and ensuring the sustainability 

of ecosystem services. Future studies should quantify seasonal variations, bird feeding behaviors, and 

plant soil interactions to gain a deeper understanding of adaptive mechanisms and stress responses at 

Binagadi Lake. 

Conclusion 

Systematic studies conducted in 2024ï2025 in Binagadi Lake and its surrounding areas indicate 

that the site represents a dynamic and functionally complex ecosystem. The main findings of this 

research can be summarized as follows. Avifauna: Field observations identified 37 bird species 

belonging to 11 orders in the lake and its vicinity. Ecologically, these species are categorized as 

resident, migratory, or wintering groups. Rare and protected species, such as Aquila nipalensis, Buteo 

rufinus, Falco naumanni, Porphyrio porphyrio, and Ardea purpurea, play a crucial role in maintaining 

ecosystem biodiversity. The presence of these species highlights the lakeôs strategic importance along 

regional migratory routes and its function as a feeding and nesting habitat for waterfowl. Vegetation: 

Geobotanical surveys recorded 27 vascular plant species belonging to 10 families and 22 genera, 

including 22 annual and 5 perennial species. Most plants exhibit halophytic and xerophytic ecological 

types, reflecting adaptation to saline soils and arid climatic conditions. The predominance of annual 

species is associated with low soil fertility and anthropogenic impacts. Soil cover: Soil investigations 

revealed that the area is dominated by gray-brown solonetz soils. Humus content is low (0.82ï1.11%), 

carbonate content is high (~33%), the clay and heavy clay fraction is considerable (53ï70%), and 

salinity is severe (3.7%). These conditions limit vegetation structure and species diversity, reduce 

ecosystem productivity, and amplify the negative effects of urbanization. Ecosystem interactions: 

There is a strong functional interconnection among soil, vegetation, and bird components. Low soil 

fertility and high salinity shape vegetation into stress-tolerant, primarily annual species. Vegetation, 

in turn, defines feeding and nesting sites for birds. Wetland and marsh elements of the lake provide 

favorable microhabitats for waterfowl, while predatory birds maintain trophic balance. 

Anthropogenic impacts: Urbanization, soil modifications, and industrial activities can compromise 

ecosystem stability. Therefore, continuous ecological monitoring, tracking of bioindicator species, 

and implementation of conservation measures are of strategic importance. In conclusion, the Binagadi 

Lake ecosystem is functionally resilient yet sensitive to anthropogenic stressors. The findings of this 

study provide a scientific basis for sustainable ecosystem management, enhancement of urban 

ecosystem resilience, and biodiversity conservation in the region. 
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Abstract. This study assessed the ecological status of the Shahagachi coastal area (Azerbaijan, 

Caspian Sea) using fish as bioindicators. The study was conducted on 16 specimens of mullet (Liza 

saliens) and 15 specimens of kutum (Rutilus frisii kutum). A comprehensive approach was employed 

to evaluate the condition of the fish, including a genotoxic analysis based on nuclear aberrations in 

erythrocytes and a histopathological analysis of the gills. The genotoxic analysis revealed pathologies 

in fish erythrocytes such as nuclear deformation, invagination, and displacement, and in some cases, 

micronuclei. However, the level of detected pathological cells in the blood of mullet (1.65±0.06%) 

and kutum (2.12±0.18%) remained within the physiological reference range (<5%). Histological 

examination of the gills of both species showed protective and adaptive changes, such as hyperplasia, 

curvature, and fusion of secondary lamellae, and an uneven distribution of secondary lamellar 

hyperplasia; parasitic infestations were also detected. An integrated assessment of the results 

indicated that the studied fish populations are experiencing a state of mild physiological stress. It was 

concluded that the environmental conditions in the Shahagachi area, while not causing critical 

damage, create unfavorable background conditions for aquatic organisms, which underscores the 

need for further monitoring to prevent ecosystem degradation. 

 

ɸʥʥʦʪʘʮʠʷ. ʇʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʳ ʨʘʡʦʥʘ 

ʐʘʭʘʛʘʯʠ (ɸʟʝʨʙʘʡʜʞʘʥ, ʂʘʩʧʠʡʩʢʦʝ ʤʦʨʝ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʳʙ ʚ ʢʘʯʝʩʪʚʝ 

ʙʠʦʠʥʜʠʢʘʪʦʨʦʚ. ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʫʞʠʣʠ 16 ʦʩʦʙʝʡ ʢʝʬʘʣʠ (Liza saliens) ʠ 15 

ʦʩʦʙʝʡ ʢʫʪʫʤʘ (Rutilus frisii kutum). ɼʣʷ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʨʳʙ ʧʨʠʤʝʥʷʣʩʷ ʢʦʤʧʣʝʢʩʥʳʡ 

ʧʦʜʭʦʜ, ʚʢʣʶʯʘʶʱʠʡ ʛʝʥʦʪʦʢʩʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʥʘ ʦʩʥʦʚʝ ʷʜʝʨʥʳʭ ʘʙʙʝʨʘʮʠʡ ʚ ʵʨʠʪʨʦʮʠʪʘʭ ʠ 

ʛʠʩʪʦʧʘʪʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʞʘʙʨ. ʇʨʠ ʛʝʥʦʪʦʢʩʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ ʚ ʵʨʠʪʨʦʮʠʪʘʭ ʢʨʦʚʠ ʨʳʙ 

ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʪʘʢʠʝ ʧʘʪʦʣʦʛʠʠ ʢʘʢ ʜʝʬʦʨʤʘʮʠʷ, ʠʥʚʘʛʠʥʘʮʠʷ ʠ ʩʤʝʱʝʥʠʝ ʷʜʝʨ ʠ, ʚ 

ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ, ʤʠʢʨʦʷʜʨʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʫʨʦʚʝʥʴ ʚʳʷʚʣʝʥʥʳʭ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʢʣʝʪʦʢ ʚ 

ʢʨʦʚʠ ʢʝʬʘʣʠ (1.65Ñ0.06%) ʠ ʢʫʪʫʤʘ (2,12Ñ0.18%) ʙʳʣ ʚ ʧʨʝʜʝʣʘʭ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʥʦʨʤʳ 

(<5%). ɻʠʩʪʦʣʦʛʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʞʘʙʨ ʦʙʦʠʭ ʚʠʜʦʚ ʧʦʢʘʟʘʣʦ ʥʘʣʠʯʠʝ ʠʟʤʝʥʝʥʠʡ 
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ʟʘʱʠʪʥʦ-ʧʨʠʩʧʦʩʦʙʠʪʝʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʪʘʢʠʭ ʢʘʢ ʛʠʧʝʨʧʣʘʟʠʷ, ʠʩʢʨʠʚʣʝʥʠʝ ʠ ʩʨʘʱʝʥʠʝ 

ʚʪʦʨʠʯʥʳʭ ʣʘʤʝʣʣ, ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʪʦʨʠʯʥʦʡ ʣʘʤʝʣʣʷʨʥʦʡ ʛʠʧʝʨʧʣʘʟʠʠ, ʘ 

ʪʘʢʞʝ ʧʘʨʘʟʠʪʘʨʥʳʝ ʠʥʚʘʟʠʠ. ʀʥʪʝʛʨʠʨʦʚʘʥʥʘʷ ʦʮʝʥʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʢʘʟʘʣʘ, ʯʪʦ 

ʠʩʩʣʝʜʦʚʘʥʥʳʝ ʧʦʧʫʣʷʮʠʠ ʨʳʙ ʠʩʧʳʪʳʚʘʶʪ ʩʦʩʪʦʷʥʠʝ ʣʝʛʢʦʛʦ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʝʩʩʘ. 

ʉʜʝʣʘʥ ʚʳʚʦʜ, ʯʪʦ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʦʙʩʪʘʥʦʚʢʘ ʚ ʨʘʡʦʥʝ ʐʘʭʘʛʘʯʠ, ʭʦʪʷ ʠ ʥʝ ʚʳʟʳʚʘʝʪ 

ʢʨʠʪʠʯʝʩʢʠʭ ʧʦʚʨʝʞʜʝʥʠʡ, ʩʦʟʜʘʝʪ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʝ ʬʦʥʦʚʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʛʠʜʨʦʙʠʦʥʪʦʚ, ʯʪʦ 

ʧʦʜʯʸʨʢʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʘʣʴʥʝʡʰʝʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʜʝʛʨʘʜʘʮʠʠ 

ʵʢʦʩʠʩʪʝʤʳ. 

 

Keywords: Shahagachi, monitoring, fish, genotoxicity, blood, histopathology, gills. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʐʘʭʘʛʘʯʠ, ʤʦʥʠʪʦʨʠʥʛ, ʨʳʙʳ, ʛʝʥʦʪʦʢʩʠʯʥʦʩʪʴ, ʢʨʦʚʴ, ʛʠʩʪʦʧʘʪʦʣʦʛʠʷ, 

ʞʘʙʨʳ. 

 

The intensive economic activity of the 20th century led to a global deterioration of the 

environment and the depletion of natural resources. The Caspian region stands as a prominent 

example of this trend. The Caspian Sea ð a unique and the world's largest inland body of waterð

faces a complex set of serious environmental challenges. Among these, despite the significance of 

sea-level fluctuations and biodiversity loss, pollution poses the primary threat to its ecosystem [1, 2].  

This problem is particularly acute along the coast of Azerbaijan. Due to high population density 

and numerous recreational facilities, such as health resorts, residential complexes, and beaches, the 

coastal zone is subject to intensive human use [3].  

Such intensive development, which includes the consumption of marine resources and water-

based recreation, establishes direct pathways for pollutants to impact the local population and tourists, 

creating a potential threat to their health [4]. 

While the commissioning of treatment facilities has contributed to a certain reduction in 

pollutant concentrations, it has not led to the stabilization of the ecological situation in the Caspian 

Sea. This persistent dynamic instability underscores the urgent need for systematic monitoring of its 

coastal waters through regular research expeditions [5].  

In response to the prevailing ecological situation, the Ministry of Ecology and Natural 

Resources of Azerbaijan is implementing a program for the systematic monitoring of the Caspian 

marine environment. As part of this strategy, in May 2021, an assessment of the ecological status of 

coastal areas, including the Shahagachi district, was conducted using fish as bioindicators. The 

selection of fish is based on their high sensitivity to environmental changes, which allows for an 

effective evaluation of pollution levels [6]. 

To address the research objectives, a comprehensive approach was employed, incorporating 

both genotoxic and histopathological analyses. The genotoxic analysis involved the assessment of 

nuclear aberrations as reliable markers of cytotoxic effects [7, 8].  

The histopathological analysis focused on examining alterations in the gills; as these organs are 

in direct contact with the aquatic environment, they are widely recognized biomarkers that reflect the 

impact of xenobiotics [9]. 

Under the current circumstances, the collection of primary data on the physiological and 

genotoxic condition of key fish species along the Azerbaijani coast of the Caspian Sea is critically 

important for biodiversity conservation. The data obtained will establish a reliable picture for 

monitoring the ecological status of the Caspian coastal zone within Azerbaijan and will permit a 

comparative analysis of anthropogenically-induced changes against baseline empirical data. 
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Material and methods 

Sample Collection. The study was conducted on 16 specimens of the mullet (Liza saliens) and 

15 specimens of the kutum (Rutilus frisii kutum), caught in the coastal zone of the Shahagachi. All 

animal handling protocols were carried out in accordance with the European Directive 2010/63/EU 

and were approved by the local ethics committee. For anesthesia, fish were placed in tanks with an 

aqueous solution of MS-222 (tricaine metasulfonate, Sigma-Aldrich) immediately after capture. For 

genotoxic analysis, blood was sampled from the caudal vein of the fish immediately after capture. 

Blood smears were prepared, air-dried, and fixed in methanol. For histological analysis, gill tissue 

samples were fixed in a 4% buffered formalin solution. Further processing was carried out at the 

laboratory of the Institute of Physiology.  

Genotoxic Analysis. Blood smears were stained with Azure-Eosin according to the 

Romanowsky method using a standard kit from Sigma. The count of erythrocytes with nuclear 

abnormalities (NA) was performed by light microscopy at a total magnification of 1200× (12× 

eyepiece, 100× objective lens). Photomicrographs were taken using a Motic digital microscope at 

1000× magnification (10× eyepiece, 100× objective lens). The frequency of NA was calculated using 

the formula: NA(%)=(n/N)×100 where n is the number of cells with nuclear abnormalities, and N is 

the total number of cells analyzed. Values below 5% were considered within the normal physiological 

range. Statistical data processing was performed using Microsoft Office Excel 2007. 

Histological Analysis. The histological processing of gill samples included dehydration in a 

graded ethanol series (50%, 70%, 96%, and 100%) and a chloroform-ethanol mixture, followed by 

embedding in paraffin wax according to a standard procedure. Sections of 7 µm thickness were cut 

from the paraffin blocks using a LEICA RM 2245 rotary microtome. The histological slides were 

stained with Ehrlich's hematoxylin and eosin and subsequently mounted in Canada balsam [10]. 

The slides were examined and photographed using a NU-2 light microscope (Carl Zeiss, Jena) 

equipped with a Motic digital camera. The percentage of each pathology observed in the gills of fish 

was calculated by dividing the number of fish with a given anomaly by the total number of fish 

examined [11]. 
 

Results and discussion 

During the microscopic examination of blood preparations, up to 1.65Ñ0.06% of erythrocytes 

in mullet were recorded as pathological. These cellular abnormalities primarily involved nuclear 

deformation and displacement, with the occasional presence of micronuclei. In the red blood cells of 

Caspian kutum (Rutilus frisii kutum), such pathologies as nuclear invagination, deformation, and 

displacement were detected, constituting 2.12Ñ0.18% of the total erythrocyte population.  

Furthermore, micronuclei were noted in some kutum individuals. It is important to note that the 

quantitative level of the identified erythrocyte pathologies in the fish was in the range of 1.6% to 

2.3%, thus remaining within the accepted reference value of <5%. 

Table 

PERCENTAGE OF NUCLEAR PATHOLOGIES IN FISH ERYTHROCYTES 
 

Species of fish Total number of nuclear pathologies in % (per 1000 red blood cells) 

Mullet (Liza saliens) 1.65±0.06 

Kutum (Rutilus frisii kutum) 2,12±0.18 

 

Control values below 5%. A histological study of the gill apparatus of the mullet revealed a 

number of proliferative changes. In the gills of the mullet, alongside normal gill structure (42%), 

several alterations were recorded. These included lamellar curvature (33%), hyperplasia of the 

secondary lamellae leading to the fusion of adjacent lamellae, and fusion of the distal ends of the 

secondary lamellae (24%) (Figure 1).  
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Figure 1. Mullet. Curvature and fusion of the distal ends of the secondary lamellae (X200) 

 

Hyperplasia and minor lifting of the respiratory epithelium were observed in the majority of 

mullet specimens (60%) (Figure 2).  

 

 
 

Figure 2. Mullet. Minor detachment of the respiratory epithelium and hyperplasia of the secondary 

lamellae (X200) 

 

Additionally, parasitic invasions were noted in the gills of a small number of individuals 

(approximately 9%) (Figure 3).  

 

 
 

Figure 3. Parasitic infestation in the gills of mullet (X400) 
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Similarly, the gills of Caspian kutum presented a comparable, albeit distinct, pattern of 

alterations. These included an uneven distribution of secondary lamellar hyperplasia (54%), 

pronounced lamellar curvature (31%), and fusion of the distal ends of the secondary lamellae (21%) 

(Figure 4). Parasitic infestations were also detected in a small number of kutum specimens (7%) 

(Figure 5). 

 

 
 

Figure 4. Kutum. Uneven distribution of hyperplasia, curvature, thickening and fusion of the distal ends 

of the secondary lamellae (X200) 

 

 
 

Figure 5. Parasitic invasion in the gills of a kutum (X400) 

 

The histopathological alterations identified in the gills of both mullet and Caspian kutum are 

indicative of a defensive response to environmental irritants. Changes such as hyperplasia of the 

secondary lamellae (leading to the thickening of lamellae) and lifting of the respiratory epithelium 

serve a primary protective function. These responses effectively increase the diffusion distance 

between the external environment and the circulatory system, thereby creating a physical barrier that 

impedes the uptake of waterborne contaminants into the bloodstream [12].  

However, these defensive mechanisms have functional trade-offs. Alterations like lamellar 

curvature and the fusion of both adjacent and distal lamellae inevitably lead to a significant reduction 

in the total available respiratory surface area. This decrease can compromise gas exchange efficiency, 

potentially leading to hypoxia under conditions of increased metabolic demand [13].  

The observed pathologies are classified as progressive yet reversible alterations. This 

classification suggests two key points: first, they are not terminal and can resolve if the environmental 

stressor is removed; second, they serve as bioindicators of a low-level or sub-chronic toxicological 
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process. Such stress can be induced by a combination of biotic factors, such as the observed parasitic 

infestations, and abiotic factors, likely of an anthropogenic origin given the sampling location. An 

assessment of the prevalence and severity of these histopathological changes indicated that no severe 

or irreversible lesions (e.g., necrosis, aneurysm) were present in either mullet or kutum. The presence 

of parasitic infestations, while not extensive, can be interpreted as a secondary signal, potentially 

indicating general environmental contamination or a compromised immune status in the host fish, 

making them more susceptible to opportunistic pathogens [14]. 

Thus, by integrating the results of the genotoxic analysis of the blood with the results of the 

histopathological investigation of the gills, a comprehensive assessment of the fish populations at the 

Shahagachi station can be formulated. The presence of similar pathologies in two different fish 

species, in both the genotoxic and histological analyses, indicates a general rather than a species-

specific character of the fishes' response to the ecological conditions in this area. The data suggest 

that the fish are experiencing a state of mild physiological stress. Although clear protective reactions 

at the cellular and tissue levels to environmental irritants are evident, the absence of severe 

irreversible damage indicates that the organisms' adaptive and compensatory mechanisms are not yet 

overwhelmed. Consequently, the overall health status of the surveyed mullet and kutum populations 

can be characterized as stable, yet physiologically stressed. It should be noted that the obtained data 

are consistent with the results of monitoring of the Kura River mouth seashore [15]. 

 

Conclusion 

Collectively, the data obtained allow for the conclusion that the ecological situation in the 

Shahagachi area is characterized by the presence of a certain level of stress, which induces 

background pathological processes in the fish. Although the current level of pollution does not lead 

to irreversible damage, it creates unfavorable conditions for the vitality of hydrobionts. This 

necessitates further monitoring and the identification of specific sources of pollution to prevent 

further degradation of the ecosystem. 
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ɸʥʥʦʪʘʮʠʷ. ʇʨʝʜʣʦʞʝʥʘ ʨʘʙʦʯʘʷ ʢʦʥʮʝʧʮʠʷ ʵʤʧʠʨʠʯʝʩʢʦʡ   ʠʤʠʪʘʮʠʠ ʧʨʦʛʥʦʟʠʨʫʝʤʳʭ 

ʩʮʝʥʘʨʠʝʚ  ʣʝʩʥʳʭ ʙʠʦʛʝʦʮʝʥʦʟʦʚ ʚ ʧʨʦʮʝʜʫʨʝ ʠʭ ʥʘʟʝʤʥʦʛʦ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʠ 

ʛʣʦʙʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʷʭ ʢʣʠʤʘʪʘ. ʃʘʥʜʰʘʬʪʥʦ-ɻ ʢʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʛʥʦʟ ʙʘʟʠʨʫʝʪʩʷ ʥʘ 

ʵʤʧʠʨʠʯʝʩʢʠ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʣʦʢʘʣʴʥʳʭ ʣʘʥʜʰʘʬʪʥʦ-ɻ ʢʦʣʦʛʠʯʝʩʢʠʭ ʩʚʷʟʷʭ, ʢʦʪʦʨʳʝ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʤʝʭʘʥʠʟʤʦʚ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʣʝʩʥʳʭ ʩʦʦʙʱʝʩʪʚ ʥʘ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ  ʪʨʝʥʜʳ , ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ 

ʵʨʛʦʜʠʯʥʦʩʪʠ  ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʩʠʩʪʝʤʘ ʵʪʠʭ ʩʚʷʟʝʡ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʚ 

ʧʨʦʛʥʦʟʥʦʡ ʧʨʦʮʝʜʫʨʝ. ʋʩʪʘʥʦʚʣʝʥʦ ʣʦʢʘʣʴʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʨʝʛʠʦʥʘʣʴʥʦʛʦ 

ʙʠʦʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʪʨʝʥʜʘ ʛʠʜʨʦ-ʪʝʨʤʦʵʜʘʬʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ ʙʠʦʛʝʦʮʝʥʦʟʦʚ. ʈʘʩʩʤʦʪʨʝʥʘ 

ʧʦʣʠʟʦʥʘʣʴʥʦʩʪʴ ʣʦʢʘʣʴʥʳʭ ʛʝʦʩʠʩʪʝʤ ʢʘʢ ʩʧʦʩʦʙ ʠʭ ʨʝʘʢʮʠʠ ʥʘ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ. ʅʘ 

ʦʩʥʦʚʝ ʛʠʜʨʦʪʝʨʤʠʯʝʩʢʦʛʦ ʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʚʳʷʚʣʝʥʳ ʢʣʠʤʘʪʦʛʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ 

ʜʠʩʢʨʝʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʢʨʫʛʦʚʦʨʦʪʘ. ʃʘʥʜʰʘʬʪʥʦ-ɻ ʢʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʛʥʦʟ 

ʧʨʝʜʩʪʘʚʣʝʥ  ʩʠʩʪʝʤʦʡ ʦʧʝʨʘʮʠʡ ʩ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ  ʥʠʰʘʤʠ ʠʟʫʯʘʝʤʳʭ ʦʙʲʝʢʪʦʚ.  ʆʪʤʝʯʝʥʳ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʚʨʝʤʝʥʥʳᾳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʵʤʧʠʨʠʢʦ-ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʝʪʦʜʘ ʣʘʥʜʰʘʬʪʥʦ-

ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʥʘʤʝʯʝʥʳ ʚʦʟʤʦʞʥʳʝ ʧʫʪʠ ʠʭ ʧʨʝʦʜʦʣʝʥʠʷ.  

 

Abstract. A working concept for empirical simulation of predicted scenarios of forest 

biogeocenoses in the procedure of their ground-based environmental monitoring under global climate 

change is proposed. The landscape-ecological forecast is based on empirically established local 

landscape-ecological relationships, which are considered as mechanisms of metabolic responses of 

forest communities to certain climatic trends, in accordance with the fundamental properties of the 

ergodicity of the natural environment. A system of these relationships used in the forecast procedure 

is presented. A local reflection of the regional bioclimatic trend by the hydrothermoedaphic system 

of biogeocenoses is established. The polyzonality of local geosystems as a way of their response to 

climate change is considered. Based on hydrothermal ordination analysis, climatogenic changes in 

discrete parameters of the biological cycle are revealed. The landscape-ecological forecast is 

presented as a system of operations with climatic niches of the studied objects. Certain time 

limitations of the empirical-simulation method of landscape-ecological forecasting are identified, and 

possible ways to overcome them are outlined.  
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ʕʢʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʙʠʦʩʬʝʨʳ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ 

ʟʘʚʠʩʠʪ ʦʪ ʩʦʩʪʦʷʥʠʷ ʟʦʥʘʣʴʥʦ-ʨʝʛʠʦʥʘʣʴʥʳʭ ʪʠʧʦʚ ʧʨʠʨʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ, ʠ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʣʝʩʥʦʛʦ ʧʦʢʨʦʚʘ, ʢʦʪʦʨʳʡ ʠʛʨʘʝʪ ʥʘ ʩʫʰʝ ʚʘʞʥʝʡʰʫʶ ʨʦʣʴ ʚ ʩʦʭʨʘʥʝʥʠʠ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠ 

ʩʤʷʛʯʝʥʠʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ. ʕʪʘ ʧʨʦʙʣʝʤʘ ʩʪʘʥʦʚʠʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʚ ʫʩʣʦʚʠʷʭ 

ʥʘʯʘʚʰʝʛʦʩʷ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʝʥʠʷ ʩ ʝʛʦ ʚʝʩʴʤʘ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʠ ʧʦʨʦʡ ʪʨʫʜʥʦ 

ʧʨʝʜʩʢʘʟʫʝʤʳʤʠ ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ ʧʦʩʣʝʜʩʪʚʠʷʤʠ.  

ʏʠʩʣʝʥʥʳʝ ʧʨʦʛʥʦʟʳ  ʙʠʦʩʬʝʨʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʷʚʣʝʥʠʡ ʧʨʦʚʦʜʷʪʩʷ  ʦʙʳʯʥʦ ʩ ʧʦʤʦʱʴʶ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʠʤʠʪʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ (ɼʀʄ). ʇʦʩʣʝʜʥʠʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʪʫ ʠʣʠ ʠʥʫʶ 

ʟʘʤʝʥʫ ʨʝʘʣʴʥʦʡ çʩʠʩʪʝʤʥʦʡ ʩʣʦʞʥʦʩʪʠè ʥʝʢʦʪʦʨʦʡ ʘʙʩʪʨʘʢʪʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʩ ʜʝʢʦʤʧʦʟʠʮʠʝʡ 

ʠ ʫʧʨʦʱʝʥʠʝʤ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʝʝ ʩʪʨʫʢʪʫʨʳ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚ 

ʫʩʣʦʚʠʷʭ ʘʧʨʠʦʨʥʦʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ [1].  

ʅʘʠʙʦʣʴʰʠʝ ʫʩʧʝʭʠ ʜʦʩʪʠʛʥʫʪʳ ʚ ʩʦʟʜʘʥʠʠ  ʢʦʥʮʝʧʪʫʘʣʴʥʦ-ʙʘʣʘʥʩʦʚʳʭ ʤʦʜʝʣʝʡ 

ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʩʨʝʜʳ  ʠ ʨʘʩʪʠʪʝʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ, ʘ ʪʘʢʞʝ ʚ ʧʦʩʪʨʦʝʥʠʠ 

ʤʦʜʝʣʝʡ ʧʦʚʝʜʝʥʠʷ ʵʢʦʩʠʩʪʝʤ ʚ ʫʩʣʦʚʠʷʭ ʪʝʭʥʦʛʝʥʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʧʨʠʨʦʜʥʳʭ ʩʨʝʜ [2, 3]. 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʜʘʚʘʷ ʜʦʩʪʘʪʦʯʥʦ ʛʣʫʙʦʢʦ ʧʨʦʨʘʙʦʪʘʥʥʳʝ ʧʨʦʛʥʦʟʥʳʝ ʩʮʝʥʘʨʠʠ ʧʦ 

ʦʪʜʝʣʴʥʳʤ ʛʝʦʢʦʤʧʦʥʝʥʪʘʤ, ɼʀʄʳ ʥʝ ʤʦʛʫʪ ʜʘʪʴ ʥʘʤ ʮʝʣʦʩʪʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʙʫʜʫʱʝʤ 

ʦʙʣʠʢʝ ʩʘʤʦʡ ʛʝʦ(ʵʢʦ-)ʩʠʩʪʝʤʳ, ʦ ʩʪʝʧʝʥʠ ʝʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʠ ʥʦʚʳʭ ʩʦʯʝʪʘʥʠʷʭ 

ʩʨʝʜʦʦʙʨʘʟʫʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ. ʉʘʤʠ ʨʘʟʨʘʙʦʪʯʠʢʠ ʵʪʠʭ ʤʦʜʝʣʝʡ ʧʨʠʟʥʘʶʪ, ʯʪʦ çé ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʤ ʢʦʣʠʯʝʩʪʚʝ  ʨʘʙʦʪ ʧʦ ʤʦʜʝʣʠʨʦʚʘʥʠʶ é ʦʪʩʫʪʩʪʚʫʶʪ ʜʘʥʥʳʝ ʧʦ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʦʤʫ  ʦʙʦʩʥʦʚʘʥʠʶ  ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʚ ʤʦʜʝʣʠ  ʧʘʨʘʤʝʪʨʦʚè [2].  

ʂ ʪʦʤʫ ʞʝ ʧʦʜʦʙʥʳʝ ʤʦʜʝʣʠ ʥʝ ʦʭʚʘʪʳʚʘʶʪ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʛʦ  ʤʥʦʛʦʦʙʨʘʟʠʷ  ʩʫʢʮʝʩʩʠ-

ʦʥʥʳʭ ʩʤʝʥ ʧʨʠ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʬʦʥʦʚʦʤ ʚʦʟʜʝʡʩʪʚʠʠ, ʪ.ʝ. ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ çʥʝʘʜʝʢʚʘʪʥʳ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝè [4].  

ɽʩʪʝʩʪʚʝʥʥʦ, ʛʝʦʛʨʘʬʠʯʝʩʢʘʷ ʵʢʦʣʦʛʠʷ ʥʝ ʤʦʞʝʪ ʦʛʨʘʥʠʯʠʚʘʪʴʩʷ ʧʦʜʦʙʥʳʤ ʪʠʧʦʤ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʠʤʝʝʪ ʜʝʣʦ ʩ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦ ʜʠʬʬʝʨʝʥʮʠ-ʨʦʚʘʥʥʳʤʠ ʠ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʤʠ  ʛʝʦ(ʵʢʦ-)ʩʠʩʪʝʤʘʤʠ ʣʘʥʜʰʘʬʪʥʦʛʦ ʫʨʦʚʥʷ.  

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʘʚʪʦʨʦʤ ʣʘʥʜʰʘʬʪʥʦ-ɻ ʢʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʠʨʦʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʠʭ ʢʣʠʤʘʪʦʛʝʥʥʦʡ ʜʠʥʘʤʠʢʠ  ʦʩʥʦʚʘʥ ʥʘ ʧʦʩʪʨʦʝʥʠʠ 

ʜʠʩʢʨʝʪʥʳʭ ʵʤʧʠʨʠʢʦ-ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠʭ ʩʪʨʫʢʪʫʨʳ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʧʦ 

ʦʧʨʝʜʝʣʝʥʠʶ [1].  

ɺ ʩʦʩʪʘʚʝ ʜʘʥʥʳʭ ʤʦʜʝʣʝʡ ʧʨʝʜʣʦʞʝʥ ʠ ʨʝʘʣʠʟʦʚʘʥ ʤʝʪʦʜ ʵʤʧʠʨʠʯʝʩʢʦʡ ʠʤʠʪʘʮʠʠ 

ʧʨʦʛʥʦʟʠʨʫʝʤʳʭ ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʠʭ ʩʠʪʫʘʮʠʡ [5, 6]. 

ɺ ʥʝʤ ʵʤʧʠʨʠʯʝʩʢʠ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʣʦʢʘʣʴʥʳʝ ʠ ʨʝʛʠʦʥʘʣʴʥʳʝ ʣʘʥʜʰʘʬʪʥʦ-

ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʩʚʷʟʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʤʝʭʘʥʠʟʤʦʚ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʣʝʩʥʳʭ 

ʵʢʦʩʠʩʪʝʤ ʥʘ ʪʝ ʠʣʠ ʠʥʳʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʪʨʝʥʜʳ. ɺʦʟʤʦʞʥʦʩʪʠ h ʠʨʦʢʦ ʧʨʠʤʝʥʷʪʴ ʚ 

ʧʨʦʛʥʦʟʥʦʤ  ʘʥʘʣʠʟʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʝʚʳʭ ʣʘʥʜʰʘʬʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʘ ʪʘʢʞʝ ʨʘʟʣʠʯʥʳʝ 

ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ. 



ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ / Bulletin of Science and Practice 

https://www.bulletennauki.ru 

ʊ. 12. ˉ3 2026 

https://doi.org/10.33619/2414-2948/124 

 

 ʊʠʧ ʣʠʮʝʥʟʠʠ CC: Attribution 4.0 International (CC BY 4.0) 70 

ʇʨʝʜʤʝʪ ʵʤʧʠʨʠʢʦ-ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʧʨʦʛʥʦʟʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ 

ʦʙʲʝʢʪʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʳʩʪʫʧʘʝʪ ʮʝʣʦʩʪʥʘʷ  ʵʣʝʤʝʥʪʘʨʥʘʷ (ʛʝʦʪʦʧʠʯʝʩʢʘʷ) ʝʜʠʥʠʮʘ ï 

ʙʠʦʛʝʦʮʝʥʦʟ, ʚ ʝʛʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʤ ʦʧʨʝʜʝʣʝʥʠʠ [7].  

ʉʬʝʨʘ ʛʝʦʪʦʧʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʠʙʦʣʝʝ ʢʦʤʧʣʝʢʩʥʫʶ ʠ ʘʢʪʠʚʥʫʶ ʯʘʩʪʴ ʧʨʠʨʦʜʥʦʡ 

ʩʨʝʜʳ, ʝʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ çʷʜʨʦè [8].  

ʊʝʨʨʠʪʦʨʠʘʣʴʥʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʚʝʱʝʩʪʚʝʥʥʦ-ɻ ʥʝʨʛʝʪʠʯʝʩʢʠʭ ʢʨʫʛʦʚʦʨʦʪʦʚ ʚ ʢʘʞʜʦʤ 

ʵʢʦʨʝʛʠʦʥʝ ʩʦʟʜʘʝʪʩʷ ʩʘʤʦʡ ʩʪʨʫʢʪʫʨʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ ʙʠʦʛʝʦʮʝʥʦʟʦʚ. ʈʘʟʨʘʙʦʪʢʘ 

ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʥʘ çʣʘʥʜʰʘʬʪʥʦ-ɻ ʢʦʩʠʩʪʝʤʥʦʡè ʦʩʥʦʚʝ ï ʦʜʥʘ ʠʟ ʘʢʪʫʘʣʴʥʳʭ 

ʟʘʜʘʯ ʩʦʚʨʝʤʝʥʥʦʡ ʵʢʦʣʦʛʠʠ ʚ ʦʙʣʘʩʪʠ ʣʝʩʦʚʝʜʝʥʠʷ [9].  

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʟʚʝʩʪʥʳʤʠ ʨʘʟʨʘʙʦʪʢʘʤʠ ʙʠʦʩʬʝʨʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ  ʢʘʢ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʩʘʤʙʣʴ ʙʠʦʛʝʦʮʝʥʦʟʦʚ ï ʩʣʘʙʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʤʝʞʜʫ ʩʦʙʦʡ, ʥʦ 

ʚʥʫʪʨʝʥʥʝ ʚʳʩʦʢʦ ʫʧʦʨʷʜʦʯʝʥʥʳʭ (ʥʘ ʦʩʥʦʚʝ ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʛʦ ʦʪʙʦʨʘ) ʵʣʝʤʝʥʪʘʨʥʳʭ 

ʙʠʦʭʦʨʦʣʦʛʠʯʝʩʢʠʭ ʝʜʠʥʠʮ [10].  

ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʠʟʫʯʘʪʴ ʧʦʚʝʜʝʥʠʝ ʪʦʧʦʛʝʦʩʠʩʪʝʤ ʚ ʨʘʟʣʠʯʥʳʭ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʠ 

ʵʜʘʬʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʥʘ ʦʩʥʦʚʝ ʤʘʩʩʦʚʦʡ ʵʤʧʠʨʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ. ʊʝʤ ʩʘʤʳʤ ʫʜʘʝʪʩʷ ʧʨʝʜʩʪʘʚʠʪʴ ʤʝʭʘʥʠʟʤʳ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ 

ʢʨʫʛʦʚʦʨʦʪʘ ʠ ʨʝʛʫʣʷʮʠʠ ʫʛʣʝʨʦʜʥʦʛʦ ʮʠʢʣʘ  ʚ ʵʤʧʠʨʠʢʦ-ʩʯʪʘʪʠʩʪʠʯʝʩʢʠʭ ʧʨʦʛʥʦʟʥʳʭ ʤʦʜʝʣʷʭ 

ʣʦʢʘʣʴʥʦʛʦ ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʤ ʘʩʧʝʢʪʦʤ 

ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ.  

ʃʘʥʜʰʘʬʪʥʦ-ɻ ʢʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʛʥʦʟ ʠʤʝʝʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ. ʆʥ 

ʨʘʟʨʘʙʘʪʳʚʘʣʩʷ  ʢʘʢ ʩʠʩʪʝʤʘ ʦʧʝʨʘʮʠʡ ʩ ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ (ʛʠʜʨʦʪʝʨʤʠʯʝʩʢʠʤʠ) ʥʠʰʘʤʠ 

ʠʟʫʯʘʝʤʳʭ ʦʙʲʝʢʪʦʚ. ʕʤʧʠʨʠʯʝʩʢʘʷ ʠʤʠʪʘʮʠʷ ʣʘʥʜʰʘʬʪʥʦ-ɻ ʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʛʥʦʟʦʚ 

ʨʝʘʣʠʟʫʝʪʩʷ ʢʘʢ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʝ ʧʨʦʛʥʦʟʠʨʫʝʤʳʭ ʩʮʝʥʘʨʠʝʚ ʙʠʦʛʝʦʮʝʥʦʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʧʦ 

ʟʘʢʦʥʘʤ ʠʭ ʙʘʟʦʚʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ, ʩ ʟʘʤʝʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ ʚ 

ʧʨʦʮʝʜʫʨʝ ʧʨʦʛʥʦʟʘ ʥʘ ʚʨʝʤʝʥʥʳʝ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ 

ʵʨʛʦʜʠʯʥʦʩʪʠ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ. 

ɺʝʩʴ ʘʥʘʣʠʟ ʩʦʧʨʦʚʦʞʜʘʣʩʷ ʧʦʩʪʨʦʝʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʵʤʧʠʨʠʢʦ-ʠʤʠʪʘʮʠʦʥ-ʥʳʭ 

ʤʦʜʝʣʝʡ. ʃʦʢʘʣʴʥʳʝ ʤʝʭʘʥʠʟʤʳ ʛʣʦʙʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚʳʷʚʣʷʣʠʩʴ ʯʝʨʝʟ ʵʤʧʠʨʠʯʝʩʢʠ 

ʫʩʪʘʥʦʚʣʝʥʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʬʦʥʦʚʦʛʦ ʙʠʦʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʪʨʝʥʜʘ ʢʘʪʝʥʘʨʥʳʤ ʟʚʝʥʦʤ 

ʙʠʦʛʝʦʮʝʥʦʟʦʚ. ʈʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʨʝʛʠʦʥʘʣʴʥʳʝ ʩʪʨʫʢʪʫʨʳ ʣʦʢʘʣʠʟʦʚʘʥʥʦʡ ʧʨʠʨʦʜʥʦʡ 

ʟʦʥʘʣʴʥʦʩʪʠ, ʩʧʦʩʦʙʥʳʝ ʤʦʜʝʣʠʨʦʚʘʪʴ ʦʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʠ ʤʘʩʰʪʘʙʳ ʛʝʦ(ʵʢʦ-)ʩʠʩʪʝʤʥʳʭ 

ʧʝʨʝʩʪʨʦʝʢ. ʆʨʜʠʥʘʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʤʝʞʢʦʤʧʦʥʝʥʪʥʳʭ ʠ ʤʝʞʢʦʤʧʣʝʢʩʥʳʭ ʣʘʥʜʰʘʬʪʥʳʭ 

ʩʚʷʟʝʡ ʙʳʣ ʥʘʧʨʘʚʣʝʥ ʥʘ ʚʳʷʚʣʝʥʠʝ ʧʝʨʝʭʦʜʦʚ ʣʝʩʥʳʭ ʩʦʦʙʱʝʩʪʚ ʚ ʢʨʠʪʠʯʝʩʢʠʝ ʩʦʩʪʦʷʥʠʷ, 

ʚʳʟʳʚʘʶʱʠʝ ʩʪʨʫʢʪʫʨʥʳʝ ʧʝʨʝʩʪʨʦʡʢʠ ʚʧʣʦʪʴ ʜʦ ʟʦʥʘʣʴʥʦ-ʨʝʛʠʦʥʘʣʴ-ʥʦʛʦ ʤʘʩʰʪʘʙʘ. 

ʀʩʭʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ. ʂʘʢ ʠʟʚʝʩʪʥʦ, çé ʤʝʪʦʜʦʣʦʛʠʷ ʪʨʘʜʠʮʠʦʥʥʳʭ 

ʧʦʣʝʚʳʭ ʥʘʙʣʶʜʝʥʠʡ é ʦʩʪʘʝʪʩʷ ʥʘʠʣʫʯʰʝʡ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʩʪʝʧʝʥʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʬʠʪʦʮʝʥʦʟʦʚ, ʚʢʣʶʯʘʷ ʵʢʟʦʛʝʥʥʳʝ ʩʫʢʮʝʩʩʠʠè [11].  

ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʫʞʠʣʠ ʣʝʩʥʳʝ ʵʢʦʩʠʩʪʝʤʳ ʦʩʥʦʚʥʦʛʦ ʚʦʜʦʩʙʦʨʘ 

ɺʦʣʞʩʢʦʛʦ ʙʘʩʩʝʡʥʘ. ʀʩʧʦʣʴʟʦʚʘʥʳ ʤʘʪʝʨʠʘʣʳ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ (ʄ 1:25ï50 000) 

ʣʘʥʜʰʘʬʪʥʳʭ ʩʲʝʤʦʢ, ʧʨʦʚʝʜʝʥʥʳʭ ʘʚʪʦʨʦʤ ʚ ʧʝʨʠʦʜ 1987ï1998 ʛʛ. ʥʘ ʚʦʩʴʤʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʧʦʣʠʛʦʥʘʭ ʧʦ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʝ. ɺ ʧʨʝʜʝʣʘʭ ʢʘʞʜʦʛʦ 

ʧʦʣʠʛʦʥʘ ʚʳʜʝʣʷʣʠʩʴ ʰʝʩʪʴ ʙʠʦʛʝʦʮʝʥʦʪʠʯʝʩʢʠʭ ʛʨʫʧʧ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʦ ʚʝʢʪʦʨʫ 

çʣʠʪʦʤʦʨʬʥʦʩʪʴ Ÿ ʛʠʜʨʦʤʦʨʬʥʦʩʪʴè: ï ʦʪ ʚʦʜʦʨʘʟʜʝʣʴʥʳʭ ʵʣʶʚʠʘʣʴʥʳʭ (ʕ) ʠ 

ʪʨʘʥʩʵʣʶʚʠʘʣʴʥʳʭ (ʊʕ) ʪʠʧʦʚ ʤʝʩʪʦʧʦʣʦʞʝʥʠʡ ʯʝʨʝʟ ʩʢʣʦʥʦʚʳʝ ʪʨʘʥʟʠʪʥʳʝ (ʊ) ʠ 

ʪʨʘʥʩʘʢʢʫʤʫʣʷʪʠʚʥʳʝ (ʊɸ) ʪʠʧʳ ʜʦ ʜʦʣʠʥʥʳʭ ʘʢʢʫʤʫʣʷʪʠʚʥʳʭ (ɸ) ʠ ʩʫʧʝʨʘʢʚʘʣʴʥʳʭ (ʉɸ). 

ʅʘ ʧʣʦʩʢʠʭ ʤʝʞʜʫʨʝʯʴʷʭ ʚʳʜʝʣʷʣʠʩʴ ʪʘʢʞʝ ʵʣʶʚʠʘʣʴʥʦ-ʘʢʢʫʤʫʣʷʪʠʚʥʳʝ (ʕɸ) ʪʠʧʳ. ʅʘ 

ʨʝʛʠʦʥʘʣʴʥʦʤ ʫʨʦʚʥʝ ʩʠʩʪʝʤʘ ʤʝʟʦ-ʤʝʩʪʦʧʦʣʦʞʝʥʠʡ ʠʤʝʣʘ ʘʥʘʣʦʛʠʯʥʳʡ ʭʘʨʘʢʪʝʨ. ʇʦ 
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ʤʘʪʝʨʠʘʣʘʤ ʪʘʢʩʘʮʠʠ ʣʝʩʘ ʥʘ ʧʨʦʙʥʳʭ ʧʣʦʱʘʜʷʭ ʠ ʧʦ ʩʧʝʮʠʘʣʴʥʳʤ ʪʘʙʣʠʮʘʤ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ 

ʜʠʩʢʨʝʪʥʳʝ ʧʘʨʘʤʝʪʨʳ ʤʘʣʦʛʦ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʢʨʫʛʦʚʦʨʦʪʘ, ʘ ʪʘʢʞʝ ʟʘʧʘʩʳ ʫʛʣʝʨʦʜʘ [12]. 

ɹʘʟʦʚʳʝ ʟʥʘʯʝʥʠʷ  ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʨʘʟʥʝʩʝʥʳ ʧʦ 52 ʛʨʫʧʧʘʤ ʨʘʩʪʠʪʝʣʴʥʳʭ ʬʦʨʤʘʮʠʡ, 

ʢʦʪʦʨʳʝ ʚʟʷʪʳ ʠʟ ʛʝʦʙʦʪʘʥʠʯʝʩʢʠʭ ʢʘʨʪ ʚ ʤ-ʙʘʭ 1: 2,0ï1: 2,5 000 000 [13, 14]. 

ʕʪʠ ʢʘʨʪʳ ʩʦʟʜʘʚʘʣʠʩʴ ʧʨʠʤʝʨʥʦ ʚ ʪʦʪ ʞʝ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ, ʢʦʛʜʘ ʧʨʦʚʦʜʠʣʠʩʴ 

ʣʘʥʜʰʘʬʪʥʳʝ ʩʲʝʤʢʠ. ʀʩʧʦʣʴʟʦʚʘʥʥʳʝ ʛʝʦʙʦʪʘʥʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ 35-40-ʣʝʪʥʝʡ ʜʘʚʥʦʩʪʠ ʥʝ 

ʧʦʪʝʨʷʣʠ ʩʚʦʝʡ ʘʢʪʫʘʣʴʥʦʩʪʠ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʟʘ ʧʝʨʠʦʜ 1968ï2008 

ʛʛ. ʚ ɽʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ ʈʦʩʩʠʠ ʧʣʦʱʘʜʠ ʟʝʤʝʣʴ, ʧʦʢʨʳʪʳʭ ʠ ʥʝ ʧʦʢʨʳʪʳʭ ʣʝʩʦʤ, ʠʟʤʝʥʠʣʠʩʴ 

ʥʘ 6ï8% [15].  

ʅʝʩʫʱʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʨʦʠʟʦʰʣʠ ʠ ʚ ʧʦʨʦʜʥʦʡ ʩʪʨʫʢʪʫʨʝ ʣʝʩʦʚ. ɼʦʣʷ ʭʚʦʡʥʳʭ 

ʧʦʨʦʜ ʚ ʩʦʩʪʘʚʝ ʧʦʢʨʳʪʳʭ ʣʝʩʦʤ ʟʝʤʝʣʴ ʩʥʠʟʠʣʘʩʴ ʥʘ 4%, ʘ ʜʦʣʷ ʤʷʛʢʦʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ 

ʫʚʝʣʠʯʠʣʘʩʴ ʥʘ 5%. ʇʦ ʩʧʫʪʥʠʢʦʚʳʤ ʜʘʥʥʳʤ, ʚ ʪʝʯʝʥʠʝ 2000ï2015 ʛʛ. ʧʣʦʱʘʜʴ ʣʝʩʦʚ ʈʦʩʩʠʠ 

ʩʦʢʨʘʪʠʣʘʩʴ ʚʩʝʛʦ ʥʘ 2,4% , ʧʨʠʯʝʤ ʫ ʪʝʤʥʦʭʚʦʡʥʳʭ, ʩʚʝʪʣʦʭʚʦʡʥʳʭ ʠ ʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ ʵʪʦ 

ʫʤʝʥʴʰʝʥʠʝ ʩʦʩʪʘʚʠʣʦ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 7,8%, 1,9% ʠ 5,8% [16]. 

ʂʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʢʣʠʤʘʪʦʛʝʥʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʣʝʩʥʳʭ ʛʝʦ(ʵʢʦ-)ʩʠʩʪʝʤ 

ʧʨʦʚʝʜʝʥʘ ʧʦ ʧʨʦʛʥʦʟʥʳʤ ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʩʮʝʥʘʨʠʷʤ ʜʚʫʭ ʛʣʦʙʘʣʴʥʳʭ ʤʦʜʝʣʝʡ ʠʟ ʩʝʤʝʡʩʪʚʘ 

ʤʦʜʝʣʝʡ ʦʙʱʝʡ ʮʠʨʢʫʣʷʮʠʠ ʘʪʤʦʩʬʝʨʳ AOGCMs: 1) ʤʦʜʝʣʠ E GISS [17], ʠ  2) ʤʦʜʝʣʠ HadCM3, 

ʚʝʨʩʠʷ ɸ-2 [18].  

ʇʝʨʚʘʷ ʤʦʜʝʣʴ ʜʘʝʪ ʧʨʝʜʝʣʳ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʮʝʣʷʤ 

ʇʘʨʠʞʩʢʦʛʦ  ʉʦʛʣʘʰʝʥʠʷï ʥʝ ʜʦʧʫʩʪʠʪʴ ʩʨʝʜʥʝʛʦʜʦʚʦʝ  ʧʦʪʝʧʣʝʥʠʝ ʙʦʣʝʝ ʯʝʤ ʥʘ 1,5 ï2,00 ʢ 

ʩʨʝʜʠʥʝ ʥʘʰʝʛʦ ʩʪʦʣʝʪʠʷ, ʪ.ʝ. ʢ ʩʨʦʢʫ ʫʜʚʦʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʉʆ2 ʚ ʘʪʤʦʩʬʝʨʝ [19].  

ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʫʶʱʠʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʨʝʥʜ ʧʦʪʝʧʣʝʥʠʷ ʩʧʦʩʦʙʝʥ ʧʨʠʚʝʩʪʠ ʢ 

ʧʦʚʳʰʝʥʠʶ ʩʨʝʜʥʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ ʫʞʝ ʢ ʢʦʥʮʫ XXI ʩʪʦʣʝʪʠʷ ʥʘ 6ï110, 

ʯʪʦ ʘʜʝʢʚʘʪʥʦ ʢʣʠʤʘʪʠʯʝʩʢʦʤʫ ʧʨʦʛʥʦʟʫ ʧʦ ʵʢʩʪʨʝʤʘʣʴʥʦʡ ʤʦʜʝʣʠ HadCM3. ʊʘʢʠʝ ʪʝʤʧʳ 

ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʝʥʠʷ ʤʦʛʫʪ ʧʨʝʚʳʩʠʪʴ ʧʦʨʦʛ ʚʳʥʦʩʣʠʚʦʩʪʠ ʦʩʥʦʚʥʳʭ ʣʝʩʦʦʙʨʘʟʫʶʱʠʭ 

ʧʦʨʦʜ ʠ ʧʨʠʚʝʩʪʠ ʢ ʨʘʩʧʘʜʫ ʥʘ ʦʙʰʠʨʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʘʭ ʥʝ ʪʦʣʴʢʦ ʥʝʤʦʨʘʣʴʥʳʭ, ʥʦ ʠ 

ʙʦʨʝʘʣʴʥʳʭ ʣʝʩʦʚ [9]. 

ɺ ʧʨʦʮʝʜʫʨʝ ʵʤʧʠʨʠʯʝʩʢʦʡ ʠʤʠʪʘʮʠʠ ʧʨʦʛʥʦʟʥʳʭ ʩʮʝʥʘʨʠʝʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ 

ʜʠʩʢʨʝʪʥʳʝ ʙʘʟʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʨʦʜʥʦ-ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ: 1) ʩʚʦʡʩʪʚʦ 

ʧʦʣʠʟʦʥʘʣʴʥʦʩʪʠ ʣʦʢʘʣʴʥʳʭ  ʛʝʦʩʠʩʪʝʤ ʢʘʢ ʩʧʦʩʦʙʘ ʠʭ ʨʝʘʢʮʠʠ ʥʘ ʛʣʦʙʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ 

ʢʣʠʤʘʪʘ; 2) ʨʝʛʠʦʥʘʣʴʥʳʝ ʩʪʨʫʢʪʫʨʳ ʣʦʢʘʣʠʟʦʚʘʥʥʦʡ ʧʨʠʨʦʜʥʦʡ ʟʦʥʘʣʴʥʦʩʪʠ, ʩʧʦʩʦʙʥʳʝ 

ʤʦʜʝʣʠʨʦʚʘʪʴ ʦʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʠ ʤʘʩʰʪʘʙʳ ʛʝʦʩʠʩʪʝʤʥʳʭ ʧʝʨʝʩʪʨʦʝʢ; 3) ʣʦʢʘʣʴʥʘʷ 

ʵʤʧʠʨʠʯʝʩʢʘʷ ʠʤʠʪʘʮʠʷ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʙʠʦʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʪʨʝʥʜʘ ʥʘ ʦʩʥʦʚʝ ʙʠʥʘʨʥʦʡ ʛʠʜʨʦ- 

ʠ ʪʝʨʤʦʵʜʘʬʠʯʝʩʢʦʡ ʦʨʜʠʥʘʮʠʠ ʣʝʩʥʳʭ ʪʦʧʦʛʝʦʩʠʩʪʝʤ; 4) ʵʤʧʠʨʠʯʝʩʢʘʷ ʠʤʠʪʘʮʠʷ 

ʢʣʠʤʘʪʠʯʝʩʢʠ ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʜʠʩʢʨʝʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʢʨʫʛʦʚʦʨʦʪʘ  

ʥʘ ʦʩʥʦʚʝ ʠʭ ʛʠʜʨʦʪʝʨʤʠʯʝʩʢʦʛʦ ʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ; 5) ʣʘʥʜʰʘʬʪʥʦ-ɻ ʢʦʣʦʛʠʯʝʩʢʦʝ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ  ʢʘʢ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʝ ʩʮʝʥʘʨʠʝʚ ʙʠʦʛʝʦʮʝʥʦʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʧʦ ʟʘʢʦʥʘʤ ʠʭ 

ʙʘʟʦʚʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ.  

ʈʘʩʩʤʦʪʨʠʤ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʥʝʢʦʪʦʨʳʝ  ʨʘʟʜʝʣʳ ʧʨʦʛʥʦʟʥʦʛʦ ʵʤʧʠʨʠʢʦ-ʠʤʠʪʘʮʠʦʥ-ʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʣʝʩʥʳʭ ʵʢʦʩʠʩʪʝʤ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʃʦʢʘʣʴʥʘʷ ʵʤʧʠʨʠʯʝʩʢʘʷ ʠʤʠʪʘʮʠʷ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʙʠʦʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʪʨʝʥʜʘ. ɺ 

ʧʨʝʜʝʣʘʭ ʪʝʨʨʠʪʦʨʠʠ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʟʦʥʘʣʴʥʦ-ʨʝʛʠʦʥʘʣʴʥʦʛʦ 

ʙʠʦʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʬʦʥʘ ʩʪʨʦʠʣʘʩʴ ʩʝʨʠʷ ʬʘʢʪʦʨʘʣʴʥʦ-ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʷʜʦʚ ʵʣʝʤʝʥʪʘʨʥʳʭ 

ʧʨʠʨʦʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ (ʙʠʦʛʝʦʮʝʥʦʟʦʚ ʠ ʠʭ ʛʨʫʧʧ), ʨʘʩʧʦʣʦʞʠʚ ʯʣʝʥʳ ʢʘʞʜʦʛʦ ʨʷʜʘ ʚ ʧʦʨʷʜʢʝ 

ʫʩʠʣʝʥʠʷ (ʠʣʠ ʦʩʣʘʙʣʝʥʠʷ) ʛʠʧʝʨʪʨʦʬʠʨʦʚʘʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʣʦʢʘʣʴʥʦʛʦ 
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ʬʘʢʪʦʨʘ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʵʪʦ ʙʳʣʠ ʛʠʜʨʦʪʝʨʤʠʯʝʩʢʠʝ ʨʷʜʳ ʪʦʧʦʛʝʦʩʠʩʪʝʤ, ʘ ʪʘʢʞʝ ʠʭ 

ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʠʭ ʚʦʟʨʘʩʪʘʶʱʝʡ  ʘʨʠʜʥʦʩʪʠ ʠʣʠ, ʥʘʦʙʦʨʦʪ, 

ʛʫʤʠʜʥʦʩʪʠ. ʂʘʞʜrʡ ʪʘʢʦʡ ʨ̫ʜ ʤʦʞʝʪ ʙrʪɹ ʧʨʝʜʩʪʘʚʣʝʥ ʢʘʢ ʥʝʢʦʪʦʨrʡ ʘʥʘʣʦʛ ʚʨʝʤʝʥʥʦӢʛʦ 

ʨʷʜʘ ʛʝʦʩʠʩʪʝʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʚʝʢʪʦʨʫ ʬʦʥʦʚʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ (ʪʨʝʥʜʫ) ʚ 

ʜʘʥʥʦʤ ʵʢʦʨʝʛʠʦʥʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʘʝʤ ʵʨʛʦʜʠʯʝʩʢʫʶ ʦʧʝʨʘʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ, ʠʤʝʶʱʝʡ, 

ʢʘʢ ʠʟʚʝʩʪʥʦ, ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚʘʞʥʦʝ ʤʝʪʦʜʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʚ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ. 

ʈʘʩʧʦʣʦʞʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥrʭ ʩʦʩʪʦ̫ʥʠʡ ʦʙ̡ʝʢʪʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʭ ʚʨʝʤʝʥʥʦӢӢʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʦʙʨʘʟʫʝʪ ʬʘʟʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʵʪʦʛʦ ʦʙʲʝʢʪʘ. ʀʩʭʦʜʷ ʠʟ ʩʚʦʡʩʪʚ 

ʩʘʤʦʧʦʜʦʙʠʷ ʵʨʛʦʜʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ, ʤʳ ʟʘʤʝʥʷʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ  

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʘ ʚʨʝʤʝʥʥrӢʝ ʠ, ʘʥʘʣʠʟʠʨʫ̫ ʚʝʢʪʦʨʥrʡ ʨ̫ʜ ʪʦʧʦʛʝʦʩʠʩʪʝʤ, ʧʨʦʚʦʜʠʤ 

ʩʚʦʝʛʦ ʨʦʜʘ ʠʤʠʪʘʮʠʶ ʣʦʢʘʣʴʥʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ ʬʦʥʦʚʦʛʦ ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʪʨʝʥʜʘ, ʥʘ ʦʩʥʦʚʝ 

ʯʝʛʦ ʚʳʷʚʣʷʝʤ ʨʝʘʣʴʥʳʡ ʩʧʝʢʪʨ ʚʦʟʤʦʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʩʪʨʫʢʪʫʨʥʳʭ 

ʧʝʨʝʭʦʜʦʚ ʤʝʞʜʫ  ʛʝʦʩʠʩʪʝʤʘʤʠ. 

 
 

ʈʠʩʫʥʦʢ 1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʥʦʨʤ  ʩʨʝʜʥʝʠʶʣʴʩʢʠʭ ʟʘʧʘʩʦʚ ʧʨʦʜʫʢʪʠʚʥʦʡ ʚʣʘʛʠ 
ʚ ʩʣʦʷʭ ʧʦʯʚʳ 0ï20 ʩʤ (1), 0ï50 ʩʤ (2) ʠ 0ï100 ʩʤ (3) ʨʘʟʣʠʯʥʳʭ ʛʨʫʧʧ ʣʝʩʥʳʭ ʙʠʦʛʝʦʮʝʥʦʟʦʚ ʚ ʩʠʩʪʝʤʝ 

ʠʭ ʢʘʪʝʥʘʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ, ʘʜʝʢʚʘʪʥʦʡ ʪʝʨʤʦʘʨʠʜʥʦʤʫ ʢʣʠʤʘʪʠʯʝʩʢʦʤʫ ʪʨʝʥʜʫ. ʕʢʦʨʝʛʠʦʥʳ 

ʉʨʝʜʥʝʛʦ ʇʦʚʦʣʞʴʷ: (ʘ) ï ʩʝʚʝʨʥʘʷ ʛʨʘʥʠʮʘ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʦ-ʣʝʩʥʦʡ ʧʦʜʟʦʥʳ ʥʘ ʇʨʠʚʦʣʞʩʢʦʡ 

ʚʦʟʚʳʰʝʥʥʦʩʪʠ (ʫʨʦʯʠʱʝ çɿʝʣʝʥʳʡ ɻʦʨʦʜè); (ʙ) ï ʶʞʥʘʷ ʧʦʣʦʩʘ ʧʦʜʪʘʝʞʥʦʡ ʟʦʥʳ ʚ ʅʠʟʤʝʥʥʦʤ 

ɿʘʚʦʣʞʴʝ (ʂʝʨʞʝʥʩʢʠʡ ʨʝʟʝʨʚʘʪ). ʊʠʧʳ ʤʝʩʪʦʧʦʣʦʞʝʥʠʡ: ʊʕ ï ʪʨʧʥʩʵʣʶʚʠʘʣʴʥʳʡ; ʕ ï ʵʣʶʚʠʘʣʴʥʳʡ; 

ʊ ï ʪʨʘʥʟʠʪʥʳʡ; ʊɸ ï ʪʨʘʥʩʘʢʢʫʤʫʣʷʪʠʚʥʳʡ; ɸ ï ʘʢʢʫʤʫʣʷʪʠʚʥʳʡ; ʉɸ ï ʩʫʧʝʨʘʢʚʘʣʴʥʳʡ. ɼʨʝʚʦʩʪʦʠ-

ʜʦʤʠʥʘʥʪʳ: 1 ï ʩʦʩʥʘ; 2 ï ʝʣʴ; 3 ï ʜʫʙ; 4 ï ʣʠʧʘ, ʚʷʟ; 5 ï ʙʝʨʝʟʘ, ʦʩʠʥʘ; 6 ï ʦʣʴʭʘ  

 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʘʨʪʠʥʦʡ ʧʨʝʜʧʦʣʘʛʘʝʤʳʭ ʛʣʦʙʘʣʴʥʳʭ ʠ ʨʝʛʠʦʥʘʣʴʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʠʟʤʝʥʝʥʠʡ, ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʚʝʢʪʦʨʥʳʝ ʨʷʜʳ ʧʦ ʩʪʝʧʝʥʠ ʘʨʠʜʠʟʘʮʠʠ ʪʦʧʦʵʢʦʩʠʩʪʝʤ, ʘ ʪʘʢʞʝ 

ʠʭ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʜʣʷ ʢʘʞʜʦʡ ʨʝʛʠʦʥʘʣʴʥʦʡ ʵʢʦʩʠʩʪʝʤʳ. ʕʪʦ ʢʘʩʘʣʦʩʴ ʥʝ ʪʦʣʴʢʦ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠʭ ʩʦʩʪʦʷʥʠʷ, ʥʦ ʠ ʩʘʤʠʭ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ.  ʅʘ ʛʨʘʬʠʢʘʭ 

ʙʠʥʘʨʥʦʡ ʦʨʜʠʥʘʮʠʠ ʚʩʝ ʩʦʩʪʦʷʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʦʙʲʝʢʪʦʚ ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʩʣʝʚʘ ʥʘʧʨʘʚʦ 

ʧʦ ʦʩʠ ʍ (ʜʣʷ ʷʚʣʝʥʠʷ ɸ) ʠ ʩʚʝʨʭʫ ʚʥʠʟ ʧʦ ʦʩʠ Y (ʜʣʷ ʬʘʢʪʦʨʘ ɺ) ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʩʤʝʥʘ 

ʩʘʤʠʭ ʩʦʩʪʦʷʥʠʡ ʠʤʝʣʘ ʚʝʢʪʦʨʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʙʳʣʘ ʙʳ ʘʜʝʢʚʘʪʥʘ ʦʙʱʝʡ ʪʝʥʜʝʥʮʠʠ ʘʨʠʜʠʟʘʮʠʠ 

ʣʦʢʘʣʴʥʳʭ ʣʘʥʜʰʘʬʪʥʦ-ɻ ʢʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ (ʈʠʩʫʥʦʢ 1). ʊʘʢʦʚʳʤʠ ʤʦʛʫʪ ʙʳʪʴ, ʩʢʘʞʝʤ, 

ʧʝʨʝʭʦʜʳ ʦʪ ʧʝʨʝʫʚʣʘʞʥʝʥʥʳʭ ʜʥʠʱ ʤʘʣʳʭ  ʨʝʯʥʳʭ ʜʦʣʠʥ  ʢ ʢʨʫʪʳʤ ʭʦʨʦʰʦ ʜʨʝʥʠʨʫʝʤʳʤ 

ʩʢʣʦʥʘʤ ʚʦʜʦʨʘʟʜʝʣʦʚ, ʦʪ ʛʠʜʨʦʤʦʨʬʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʵʜʘʬʦʪʦʧʘ ʢ ʢʩʝʨʦʤʦʨʬʥʦʤʫ, ʦʪ ʦʩʦʢʦʚʦ-

ʩʬʘʛʥʦʚʳʭ ʭʚʦʡʥʳʭ ʠʣʠ ʩʤʝʰʘʥʥʳʭ ʣʝʩʦʚ ʢ  ʤʝʟʦʬʠʪʥʳʤ ʨʘʟʥʦʪʨʘʚʥʳʤ ʜʫʙʨʘʚʘʤ ʠ ʜʘʣʝʝ ʢ 

ʩʫʭʠʤ ʩʦʩʥʦʚʳʤ ʙʦʨʘʤ-ʙʝʣʦʤʦʰʥʠʢʘʤ ʠ ʪ.ʧ.  
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ʅʘʠʙʦʣʝʝ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʳ ʩʨʝʜʥʝʠʶʣʴʩʢʠʝ ʟʘʧʘʩʳ ʧʨʦʜʫʢʪʠʚʥʦʡ ʚʣʘʛʠ ʚ ʩʣʦʝ ʧʦʯʚʳ 0ï

50 ʩʤ (W50)VII. ʆʥʠ ʩʚʷʟʘʥʳ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʘʪʤʦʩʬʝʨʥʦʛʦ ʫʚʣʘʞʥʝʥʠʷ ʂʫʚʣ ʩʣʝʜʫʶʱʠʤ 

ʫʨʘʚʥʝʥʠʝʤ ʨʝʛʨʝʩʩʠʠ (ʧʨʠ ʚʳʩʦʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʘʭ ʢʦʨʨʝʣʷʮʠʠ R  ʠ ʜʝʪʝʨʤʠʥʘʮʠʠ R2): 

(W50)VII = exp(2.622 +1.071 ʂʫʚʣ); R = 0.89; R2 = 0.79. 

ʇʦ ʜʘʥʥʦʤʫ ʫʨʘʚʥʝʥʠʶ ʦʮʝʥʠʚʘʣʘʩʴ ʩʪʝʧʝʥʴ ʛʠʜʨʦ-ɻ ʜʘʬʠʯʝʩʢʦʡ ʘʨʠʜʠʟʘʮʠʠ ʣʝʩʥʳʭ 

ʙʠʦʛʝʦʮʝʥʦʟʦʚ. 

ʈʝʛʠʦʥʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʣʦʢʘʣʠʟʦʚʘʥʥʦʡ ʧʨʠʨʦʜʥʦʡ ʟʦʥʘʣʴʥʦʩʪʠʶ ɼʘʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ 

ʣʘʥʜʰʘʬʪʥʦ-ɻ ʢʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʨʦʚʝʜʝʥʦ ʥʘ ʧʨʠʤʝʨʝ ʣʝʩʥʳʭ ʙʠʦʛʝʦʮʝʥʦʟʦʚ ʇʨʠʦʢʩʢʦ-

ʊʝʨʨʘʩʥʦʛʦ ʙʠʦʩʬʝʨʥʦʛʦ ʨʝʟʝʨʚʘʪʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ çʩʝʨʜʮʝʚʠʥʝè ʙʦʨʝʘʣʴʥʦʛʦ ʵʢʦʪʦʥʘ ʚ 

ʉʨʝʜʥʝʦʢʩʢʦʤ ʙʘʩʩʝʡʥʝ [6].  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʣʘʥʜʰʘʬʪʥʘʷ ʤʦʟʘʠʢʘ ʣʶʙʦʡ ʪʝʨʨʠʪʦʨʠʠ ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʘʨʝʘʣʦʚ ʢʘʢ 

ʧʣʘʢʦʨʥʳʭ ʣʦʢʘʣʴʥʳʭ ʛʝʦ(ʵʢʦ-)ʩʠʩʪʝʤ, ʦʪʨʘʞʘʶʱʠʭ ʚ ʥʘʠʙʦʣʝʝ çʯʠʩʪʦʤ ʚʠʜʝè ʟʦʥʘʣʴʥʦ-

ʨʝʛʠʦʥʘʣʴʥʳʡ ʬʦʥ ʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʠ ʷʚʣʷʶʱʠʭʩʷ ʝʛʦ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ, ʪʘʢ ʠ 

ʵʢʪʨʘʟʦʥʘʣʴʥʳʟʭ ʛʝʦʪʦʧʦʚ, ʚʦʟʥʠʢʰʠʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʧʨʝʣʦʤʣʝʥʠʷ ʵʪʦʛʦ ʬʦʥʘ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʤʝʩʪʥʳʭ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠ ʭ ʠ  ʧʦʯʚʝʥʥʦ-ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ [6].  

ʆʙʝ ʢʘʪʝʛʦʨʠʠ ʪʦʧʦʵʢʦʩʠʩʪʝʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʇʨʠʦʢʩʢʦ-ʊʝʨʨʘʩʥʦʛʦ 

ʨʝʟʝʨʚʘʪʘ (ʈʠʩʫʥʦʢ 2).  
 

 
ʈʠʩʫʥʦʢ 2. ɹʠʥʘʨʥʘʷ ʦʨʜʠʥʘʮʠʷ ʟʦʥʘʣʴʥʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʇʨʠʦʢʩʢʦ-ʊʝʨʨʘʩʥʦʛʦ ʙʠʦʩʬʝʨʥʦʛʦ 

ʨʝʟʝʨʚʘʪʘ ʧʦ ʪʠʧʘʤ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ, ʛʨʫʧʧʘʤ ʙʠʦʛʝʦʮʝʥʦʟʦʚ ʠ ʵʜʘʬʠʯʝʩʢʦʤʫ ʫʚʣʘʞʥʝʥʠʶ. ʋʩʣʦʚʥʳʝ 

ʦʙʦʟʥʘʯʝʥʠʷ: 1 ï ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʜʦʤʠʥʘʥʪ; 2 ï çʨʘʟʤʳʪʘʷè ʯʘʩʪʴ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʥʠʰʠ; 3 ï ʪʨʘʝʢʪʦʨʠʷ, 

ʩʦʝʜʠʥʷʶʱʘʷ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʜʦʤʠʥʘʥʪʳ; 4 ï ʧʨʦʩʪʨʘʥʩʪʚʦ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʥʠʰʠ; 5 ï ʘʥʢʣʘʚ; 6 ï

ʥʘʧʨʘʚʣʝʥʠʝ ʚʦʟʤʦʞʥʦʡ ʪʨʘʥʩʛʨʝʩʩʠʠ ʜʘʥʥʦʛʦ ʷʚʣʝʥʠʷ ʦʪ ʝʛʦ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʜʦʤʠʥʘʥʪʘ; 7 ï ʦʙʣʘʩʪʴ 

ʩʧʦʨʘʜʠʯʝʩʢʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʷʚʣʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʜʘʥʥʳʭ ʛʨʘʜʘʮʠʡ ʬʘʢʪʦʨʘ. ɿʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ 

ʙʠʦʛʝʦʮʝʥʦʟʦʚ: ɹʊ ï ʙʦʨʝʘʣʴʥʘʷ ʪʘʝʞʥʘʷ; ɹɹ ï ʙʦʨʝʘʣʴʥʘʷ ʙʦʨʦʚʘʷ; ʅ/ɹ ï ʥʝʤʦʨʘʣʴʥʦ-ʙʦʨʝʘʣʴʥʘʷ; ɹ/ʅ 

ï ʙʦʨʝʘʣʴʥʦ-ʥʝʤʦʨʘʣʴʥʘʷ; ʅ ï ʥʝʤʦʨʘʣʴʥʘʷ. ʕʢʦʣʦʛʠʯʝʩʢʠʝ ʛʨʫʧʧʳ ʙʠʦʛʝʦʮʝʥʦʟʦʚ: ʂ ï ʢʩʝʨʦʬʠʪʥʘʷ; 

ʄʂ ï ʤʝʟʦ-ʢʩʝʨʦʬʠʪʥʘʷ; ʄ ï ʤʝʟʦʬʠʪʥʘʷ; ʄɻ ï ʤʝʟʦ-ʛʠʛʨʦʬʠʪʥʘʷ; ɻ ï ʛʠʨʦʬʠʪʥʘʷ. ʈʘʩʰʠʬʨʦʚʢʫ 

ʫʩʣʦʚʥʳʭ ʦʙʦʟʥʘʯʝʥʠʡ ʙʠʦʛʝʦʮʝʥʦʪʠʯʝʩʢʠʭ ʛʨʫʧʧ ʩʤ. ʚ ʪʝʢʩʪʝ. ʂ(ɸ;ɺ) ï ʥʦʨʤʠʨʦʚʘʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʩʦʧʨʷʞʝʥʥʦʩʪʠ [20] 
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ɻʨʫʧʧʳ ʙʠʦʛʝʦʮʝʥʦʟʦʚ (ɻɹ) 2 ʠ 3 ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʟʦʥʘʣʴʥʳʤ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤ ʟʦʥʳ 

ʩʤʝʰʘʥʥʳʭ(ʭʚʦʡʥʦ-h ʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ) ʣʝʩʦʚ ʉʨʝʜʥʝʦʢʩʢʦʛʦ ʙʘʩʩʝʡʥʘ. ɹʠʦʛʝʦʮʝʥʦʪʠʯʝʩʢʠʝ 

ʛʨʫʧʧʳ 1 ʠ, ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ, 4 ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʢʩʝʨʦʤʦʨʬʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʟʦʥʘʣʴʥʦʡ 

ʥʦʨʤʳ, ʘ ʛʨʫʧʧʳ 5 ʠ 6 ʜʘʶʪ ʧʨʠʤʝʨʳ  ʛʠʜʨʦʤʦʨʬʥʳʭ ʦʪʢʣʦʥʝʥʠʡ.  

ɺ ʧʨʝʜʝʣʘʭ ʜʘʥʥʦʛʦ ʵʢʦʨʝʛʠʦʥʘ ʙʳʣ ʧʦʩʪʨʦʝʥ ʛʠʜʨʦʪʝʨʤʠʯʝʩʢʠʡ ʨʷʜ ʵʢʩʪʨʘʟʦʥʘʣʴʥʳʭ 

ʪʦʧʦʵʢʦʩʠʩʪʝʤ (ʚʤʝʩʪʝ ʩ ʟʦʥʘʣʴʥʳʤʠ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ) ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʠʭ ʛʫʤʠʜʥʦʩʪʠ ʠʣʠ, 

ʥʘʦʙʦʨʦʪ,  ʘʨʠʜʥʦʩʪʠ, ʧʨʝʜʩʪʘʚʣʷʷ ʵʪʦʪ ʨʷʜ (ʥʘ ʦʩʥʦʚʝ ʫʢʘʟʘʥʥʦʛʦ ʚʳʰʝ ʩʚʦʡʩʪʚʘ ʩʘʤʦʧʦʜʦʙʠʷ 

ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ) ʢʘʢ ʥʝʢʦʪʦʨʳʡ ʘʥʘʣʦʛ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʬʦʥʦʚʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʠʟʤʝʥʝʥʠʡ (ʪʨʝʥʜʘ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ,  ʧʦ ʚʝʢʪʦʨʥʦʤʫ ʩʧʝʢʪʨʫ ʪʦʧʦʣʦʛʠʯʝʩʢʦʡ ʧʦʣʠʟʦʥʘʣʴʥʦʩʪʠ 

ʧʦʷʚʠʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʝʜʩʪʘʚʠʪʴ ʨʝʘʣʴʥʳʝ ʩʮʝʥʘʨʠʠ ʨʝʘʢʮʠʠ ʣʦʢʘʣʴʥʳʭ ʛʝʦʩʠʩʪʝʤ ʥʘ ʪʝ 

ʠʣʠ ʠʥʳʝ ʩʜʚʠʛʠ ʚ ʨʝʛʠʦʥʘʣʴʥʦʤ ʢʣʠʤʘʪʝ ʠ ʥʘʤʝʪʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʮʝʧʦʯʢʠ ʤʝʩʪʥʳʭ 

ʣʘʥʜʰʘʬʪʥʦ-ɻ ʢʦʣʦʛʠʯʝʩʢʠʭ ʧʝʨʝʭʦʜʦʚ.  

ʇʨʠʥʠʤʘʷ ʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʚʩʝ ʩʦʚʨʝʤʝʥʥʳʝ ʣʝʩʥʳʝ ʩʦʦʙʱʝʩʪʚʘ ʇʨʠʦʢʩʢʦ-

ʊʝʨʨʘʩʥʦʛʦ ʟʘʧʦʚʝʜʥʠʢʘ ʚʪʦʨʠʯʥʳ  ʠ ʥʘʭʦʜʷʪʩʷ ʚ ʩʦʩʪʦʷʥʠʷʭ ʨʘʟʣʠʯʥʳʭ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ 

ʩʪʘʜʠʡ [21], ʥʝʣʴʟʷ ʥʝ ʚʠʜʝʪʴ ʠ ʩʣʝʜʫʶʱʝʛʦ ʬʘʢʪʘ. ʈʘʩʪʠʪʝʣʴʥʳʝ ʘʩʩʦʮʠʘʮʠʠ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʭ 

ʙʠʦʛʝʦʮʝʥʦʪʠʯʝʩʢʠʭ ʛʨʫʧʧ ʫʞʝ ʧʨʠʦʙʨʝʣʠ ʚʧʦʣʥʝ ʦʪʯʝʪʣʠʚʳʝ ʟʦʥʘʣʴʥʳʝ ʯʝʨʪʳ, ʢʦʪʦʨʳʝ, ʚ  

ʩʚʦʶ  ʦʯʝʨʝʜʴ, ʜʦʩʪʘʪʦʯʥʦ ʪʝʩʥʦ ʩʚʷʟʘʥʳ  ʩ ʪʨʝʤʷ ʘʙʠʦʪʠʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠïɻ ʜʠʬʠʢʘʪʦʨʘʤʠ: 

ʪʠʧʦʤ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ, ʛʣʫʙʠʥʘʤʠ ʟʘʣʝʛʘʥʠʷ ʠʟʚʝʩʪʥʷʢʦʚ ʠ ʛʨʫʥʪʦʚʳʭ ʚʦʜ, ʘ ʪʘʢʞʝ ʩ 

ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʫʚʣʘʞʥʝʥʠʝʤ ʵʜʘʬʦʪʦʧʘ. 

ʄʝʟʦʤʦʨʬʥʳʝ ʠ ʢʩʝʨʦ--ʤʝʟʦʤʦʨʬʥʳʝ ʩʦʩʥʦʚʦ-ʣʠʧʦʚʦ-ʜʫʙʦʚʳʝ ʣʝʩʘ (ʛʨʫʧʧʘ 

ʙʠʦʛʝʦʮʝʥʦʟʦʚ 3) ʢʘʢ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʧʦʜʪʘʝʞʥʦʡ ʟʦʥʳ ʉʨʝʜʥʝʦʢʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʦʪʥʦʩʷʪʩʷ ʧʦ 

ʵʢʦʣʦʛʠʯʝʩʢʦʤʫ ʜʦʤʠʥʘʥʪʫ ʢ ʟʦʥʘʣʴʥʦ-ʢʣʠʤʘʢʩʥʦʡ ʙʦʨʝʘʣʴʥʦ-ʥʝʤʦʨʘʣʴʥʦʡ (ɹʅ) ʛʨʫʧʧʝ. 

ʄʝʟʦ-ʛʠʜʨʦʤʦʨʬʥʳʝ ʩʦʩʥʦʚʦ-ʝʣʦʚʳʝ ʣʝʩʘ ʧʣʦʩʢʠʭ ʤʝʞʜʫʨʝʯʠʡ (ʛʨʫʧʧʘ ʙʠʦʛʝʦʮʝʥʦʟʦʚ 2), ʘ 

ʪʘʢʞʝ ʠʭ ʢʨʘʡʥʝ ʛʠʜʨʦʤʦʨʬʥʳʝ ʚʘʨʠʘʥʪʳ ʚ ʨʝʯʥʳʭ ʜʦʣʠʥʘʭ ʠ ʧʣʦʩʢʠʭ ʟʘʧʘʜʠʥʘʭ (ʛʨʫʧʧʘ 6) 

ʦʙʨʘʟʫʶʪ ʵʢʩʪʨʘʟʦʥʘʣʴʥʫʶ ʛʨʫʧʧʫ ʙʦʨʝʘʣʴʥʦ-ʪʘʝʞʥʦʛʦ (ɹʊ) ʣʠʪʦʵʜʘʬʠʯʝʩʢʦʛʦ ʢʣʠʤʘʢʩʘ. 

ʅʘʢʦʥʝʮ, ʣʠʧʦʚʦ-ʙʝʨʝʟʦʚʳʝ ʣʝʩʘ ʩ ʜʫʙʦʤ ʠ ʦʩʠʥʦʡ (ʛʨʫʧʧʘ ʙʠʦʛʝʦʮʝʥʦʟʦʚ 4) ʢʘʢ ʧʨʦʠʟʚʦʜʥʳʝ 

ʦʪ ʢʦʨʝʥʥʳʭ ʜʫʙʦ-ʣʠʧʥʷʢʦʚ, ʜʘʶʪ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʡ ï ʥʝʤʦʨʘʣʴʥʳʡ (ʅ) çʧʦʣʶʩè 

ʵʢʩʪʨʘʟʦʥʘʣʴʥʦʛʦ ʣʠʪʦʵʜʘʬʠʯʝʩʢʦʛʦ ʢʣʠʤʘʢʩʘ, ʩ ʢʩʝʨʦ-ʤʝʟʦʤʦʨʬʥʳʤ ʵʜʘʬʠʯʝʩʢʠʤ 

ʫʚʣʘʞʥʝʥʠʝʤ. 

ʈʝʛʠʦʥʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʣʦʢʘʣʴʥʦʡ ʟʦʥʘʣʴʥʦʩʪʠ ʚ ʟʘʧʦʚʝʜʥʠʢʝ ʦʪʣʠʯʘʝʪʩʷ ʚʳʩʦʢʦʡ 

ʢʦʥʪʨʘʩʪʥʦʩʪʴʶ ʜʘʞʝ ʥʘ ʧʣʘʢʦʨʥʳʭ ʪʠʧʘʭ ʤʝʩʪʦʧʦʣʦʞʝʥʠʡ (ʈʠʩʫʥʦʢ 2 ʘ, ʙ). ʃʝʩʘ ʙʦʨʝʘʣʴʥʘʷ 

ʪʘʝʞʥʦʡ ʛʨʫʧʧʳ ʩʦʩʝʜʩʪʚʫʶʪ ʩ ʟʦʥʘʣʴʥʳʤʠ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʥʝʤʦʨʘʣʴʥʦʣʝʩʥʦʡ ʧʦʜʟʦʥʳ, ʘ 

ʪʘʢʞʝ ʩ ʩʦʦʙʱʝʩʪʚʘʤʠ ʧʦʜʪʘʝʞʥʦʛʦ ʪʠʧʘ, ʧʨʠ ʧʦʯʪʠ ʦʜʠʥʘʢʦʚʦʤ ʤʝʭʘʥʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ 

ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʭ ʧʦʨʦʜ. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʝʨʝʢʨʳʪʠʝ ʠʭ ʛʠʜʨʦ-ʪʝʨʤʠʯʝʩʢʠʭ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʥʠʰ, ʢʦʪʦʨʦʝ ʜʦʣʞʥʦ ʚʳʟʚʘʪʴ ʠʭ ʦʙʦʩʪʨʝʥʥʫʶ ʚʟʘʠʤʥʫʶ ʢʦʥʢʫʨʝʥʮʠʶ ʠ ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ ï ʚʩrʦʢʫʶ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʚʟʘʠʤʥʳʤ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʩʪʨʫʢʪʫʨʥʳʤ 

ʧʝʨʝʭʦʜʘʤ ʧʨʠ ʪʦʤ ʠʣʠ ʠʥʦʤ ʢʣʠʤʘʪʠʯʝʩʢʦʤ ʪʨʝʥʜʝ. 

ʇʦ ʧʨʠʚʝʜʝʥʥʳʤ ʤʦʜʝʣʷʤ ʙʠʥʘʨʥʦʡ ʦʨʜʠʥʘʮʠʠ ʧʨʦʚʝʜʝʥʳ ʧʨʦʛʥʦʟʥʳʝ ʦʮʝʥʢʠ 

ʚʦʟʤʦʞʥʳʭ ʠʟʤʝʥʝʥʠʡ ʙʠʦʛʝʦʮʝʥʦʪʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʇʨʠʦʢʩʢʦ-ʊʝʨʨʘʩʥʦʛʦ ʨʝʟʝʨʚʘʪʘ ʚ 

ʫʩʣʦʚʠʷʭ ʩʦʚʨʝʤʝʥʥʦʡ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʘʨʠʜʠʟʘʮʠʠ ʨʝʛʠʦʥʘ. ɿʘʜʘʥʳ ʜʚʘ ʩʢʘʯʢʘ ʠʟʤʝʥʝʥʠʷ 

ʛʣʫʙʠʥʳ ʟʘʣʝʛʘʥʠʷ  ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʚ ʉɸ ʠ ʕɸ  ʤʝʩʪʦʧʦʣʦʞʝʥʠʷʭ: 1) æɻɿɻɺ = 0 Ÿ 0,5 ʤ  ʠ 2) 

æɻɿɻɺ = 0,5 Ÿ 1 ʤ. ɹʫʜʝʪ ʨʘʟʚʠʚʘʪʴʩʷ ʧʨʦʛʨʝʩʩʠʨʫʶʱʠʡ ʧʨʦʮʝʩʩ ʫʣʫʯʰʝʥʠʷ ʜʨʝʥʘʞʘ, 

ʩʥʠʞʝʥʠʷ ʚʣʘʞʥʦʩʪʠ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʠʩʩʫʰʝʥʠʷ ʧʦʯʚʳ. ʅʘ ʫʯʘʩʪʢʠ  ʩ  ʚʳʩʦʢʦʪʨʦʬʥʳʤ 

ʩʫʛʣʠʥʠʩʪʳʤ ʩʫʙʩʪʨʘʪʦʤ ʙʫʜʫʪ ʪʨʘʥʩʛʨʝʩʩʠʨʦʚʘʪʴ ʩʫʙʙʦʨʝʘʣʴʥʳʝ ʬʠʪʦʮʝʥʦʟʳ: ʣʠʧʥʷʢʠ ʩ 



ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ / Bulletin of Science and Practice 

https://www.bulletennauki.ru 

ʊ. 12. ˉ3 2026 

https://doi.org/10.33619/2414-2948/124 

 

 ʊʠʧ ʣʠʮʝʥʟʠʠ CC: Attribution 4.0 International (CC BY 4.0) 75 

ʦʩʠʥʦʡ, ʟʘʪʝʤ ʜʫʙʥʷʢʠ ʩ ʣʠʧʦʡ. ʉʥʘʯʘʣʘ ʦʞʠʜʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʧʝʨʝʭʦʜʳ:   Ÿ   ; 

 ʠ  Ÿ  ʠ . ɺ ʧʦʩʣʝʜʫʶʱʝʤ ʚʦʟʤʦʞʥʳ ʧʝʨʝʭʦʜʳ:  Ÿ  ʠ .  

ʇʨʠ ʵʪʦʤ, ʩʦʩʥʦʚʦ-h ʠʨʦʢʦʣʠʩʪʚʝʥʥʳʝ ʣʝʩʘ  (ʛʨʫʧʧʘ ʙʠʦʛʝʦʮʝʥʦʟʦʚ 3) ʙʫʜʫʪ ʚʝʩʴʤʘ 

ʫʩʪʦʡʯʠʚʳ ʚ ʩʚʦʠʭ ʩʦʚʨʝʤʝʥʥʳʭ ʘʨʝʘʣʘʭ, ʦʥʠ ʧʦʯʪʠ ʥʝ ʦʪʨʝʘʛʠʨʫʶʪ ʥʘ ʫʢʘʟʘʥʥʳʝ ʠʟʤʝʥʝʥʠʷ 

ɻɿɻɺ, ʙʣʘʛʦʜʘʨʷ ʰʠʨʦʢʦʤʫ ʜʠʘʧʘʟʦʥʫ ʩʚʦʝʡ ʛʠʜʨʦ-ɻ ʜʘʬʠʯʝʩʢʦʡ ʥʠʰʠ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʦʥʠ ʤʦʛʫʪ 

ʘʢʪʠʚʥʦ ʟʘʭʚʘʪʳʚʘʪʴ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʙʠʦʛʝʦʮʝʥʦʟʦʚ ʛʨʫʧʧʳ 5, ʘ ʟʘʪʝʤ ʠ 6, ʨʘʩʰʠʨʷʷ ʩʚʦʠ 

ʘʨʝʘʣʳ. 

ʀʜʝʦʣʦʛʠʷ ʠ ʩʮʝʥʘʨʠʠ ʧʨʦʛʥʦʟʥʦʛʦ ʣʘʥʜʰʘʬʪʥʦ-ɻ ʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʃʘʥʜʰʘʬʪʥʦ-ɻ ʢʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʛʥʦʟ ʢʘʢ ʮʝʥʪʨʘʣʴʥʦʝ ʟʚʝʥʦ ʛʝʦʩʠʩʪʝʤʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʠʤʝʝʪ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ. ʆʥ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʢʘʯʝʩʪʚʝ ʩʠʩʪʝʤʳ ʦʧʝʨʘʮʠʡ ʩ 

ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ (ʛʠʜʨʦ-ʪʝʨʤʠʯʝʩʢʠʤʠ) ʥʠʰʘʤʠ ʠʟʫʯʘʝʤʳʭ ʦʙʲʝʢʪʦʚ. ʕʤʧʠʨʠʯʝʩʢʘʷ ʠʤʠʪʘʮʠʷ 

ʣʘʥʜʰʘʬʪʥʦ-ɻ ʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʛʥʦʟʦʚ ʨʝʘʣʠʟʫʝʪʩʷ ʧʫʪʝʤ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʦʞʠʜʘʝʤʳʭ 

ʩʮʝʥʘʨʠʝʚ ʙʠʦʛʝʦʮʝʥʦʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʧʦ ʟʘʢʦʥʘʤ ʠʭ ʙʘʟʦʚʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ, 

ʩ ʟʘʤʝʥʦʡ ʚ ʧʨʦʮʝʜʫʨʝ ʧʨʦʛʥʦʟʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ ʥʘ ʚʨʝʤʝʥʥʳʝ. 

ʆʩʥʦʚʥʦʡ ʧʨʠʥʮʠʧ ʣʘʥʜʰʘʬʪʥʦ-ɻ ʢʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʛʣʘʩʠʪ: ʢʣʠʤʘʪʠʯʝʩʢʠ 

ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʦʜʥʦʡ ʛʝʦ(ʵʢʦ-)ʩʠʩʪʝʤʳ ʚ ʜʨʫʛʫʶ ʪʝʤ 

ʟʥʘʯʠʪʝʣʴʥʝʝ, ʯʝʤ ʤʝʥʴʰʝ ʙʳʣʘ ʩʪʝʧʝʥʴ ʧʝʨʝʩʝʯʝʥʠʷ ʠʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʥʠʰ ʚ ʥʘʯʘʣʴʥʦʤ 

ʩʦʩʪʦʷʥʠʠ, ʪ.ʝ. ʯʝʤ ʩʠʣʴʥʝʝ ʚʳʨʘʞʝʥʘ ʠʩʭʦʜʥʘʷ ʢʦʥʪʨʘʩʪʥʦʩʪʴ ʠʭ ʩʦʩʪʦʷʥʠʡ, ʠ ʯʝʤ ʙʦʣʴʰʝ 

ʦʢʘʞʝʪʩʷ ʚʝʣʠʯʠʥʘ ʧʝʨʝʩʝʯʝʥʠʷ ʥʠʰ ʧʦʩʣʝ ʩʙʣʠʞʝʥʠʷ ʩʠʩʪʝʤ ʧʦ ʜʘʥʥʦʤʫ ʛʝʦʬʠʟʠʯʝʩʢʦʤʫ  

ʧʨʠʟʥʘʢʫ [6]. ɺʟʘʠʤʥʦʝ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ ʧʦʧʫʣʷʮʠʡ ʠ ʠʭ ʩʦʚʤʝʩʪʥʦʝ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʦʟʥʘʯʘʶʪ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʝʨʝʢʨʳʪʠʝ ʠʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʥʠʰ.  

ʆʙʦʩʪʨʝʥʥʘʷ ʢʦʥʢʫʨʝʥʮʠʷ ʤʝʞʜʫ ʧʦʧʫʣʷʮʠʷʤʠ ʥʝʠʟʙʝʞʥʦ ʧʨʠʚʦʜʠʪ ʢ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʩʘʤʦʛʦ ʩʦʦʙʱʝʩʪʚʘ ʚ ʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʢʦʪʦʨʦʝ ʦʪʚʝʯʘʝʪ ʥʦʚʦʤʫ ʩʦʩʪʦʷʥʠʶ ʩʨʝʜʳ, ʩʦʛʣʘʩʥʦ 

ʟʘʢʦʥʫ ʢʦʥʢʫʨʝʥʪʥʦʛʦ ʠʩʢʣʶʯʝʥʠʷ ɻʘʫʟʝ [22].  

ɸʜʘʧʪʘʮʠʷ ʢ ʥʦʚʳʤ ʫʩʣʦʚʠʷʤ ʩʨʝʜʳ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʧʨʠʚʦʜʠʪ ʢ ʵʚʦʣʶʮʠʦʥʥʦʡ 

ʜʠʚʝʨʛʝʥʮʠʠ ʩʦʦʙʱʝʩʪʚ ʠ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʧʦʚʳʰʝʥʠʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʙʠʦ- ʠ 

ʛʝʦʨʘʟʥʦʦʙʨʘʟʠʷ. ʉʦʛʣʘʩʥʦ ʵʪʦʤʫ ʧʨʘʚʠʣʫ, ʪʨʘʥʩʬʦʨʤʘʮʠʷ, ʩʢʘʞʝʤ, ʦʙʲʝʢʪʘ ɸ ʚ ʦʙʲʝʢʪ ɺ 

ʜʦʣʞʥʘ ʙʳʪʴ ʪʝʤ ʙʦʣʴʰʝ, ʯʝʤ ʜʘʣʴʰʝ ʦʪʩʪʦʷʣʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʵʪʠ ʦʙʲʝʢʪʳ ʚ ʤʥʦʛʦʤʝʨʥʦʤ 

ʵʢʦʣʦʛʠʯʝʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʯʝʤ ʙʣʠʞʝ ʦʥʠ ʦʢʘʞʫʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʜʚʠʛʘ ʦʙʲʝʢʪʘ ɸ ʧʦ 

ʢʦʦʨʜʠʥʘʪʘʤ ʵʪʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ (ʢʣʠʤʘʪʠʯʝʩʢʘʷ ʥʠʰʘ ʦʙʲʝʢʪʘ ɺ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʨʠʥʠʤʘʝʪʩʷ 

ʥʝʠʟʤʝʥʥʦʡ). ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʙʲʝʢʪ ɺ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʚ ʦʙʲʝʢʪ ʉ, ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ 

ʩʤʝʱʝʥʠʝʤ ʧʨʠʨʦʜʥʳʭ ʛʨʘʥʠʮ ʠ ʪ.ʜ. ɺ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʧʦʣʫʯʘʝʤ ʢʘʨʪʠʥʫ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ 

ʩʜʚʠʛʘ ʣʘʥʜʰʘʬʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚʩʝʡ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʚ ʩʚʷʟʠ ʩ ʠʟʤʝʥʝʥʠʷʤʠ 

ʜʘʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʣʠʤʘʪʘ ʚʦ ʚʨʝʤʝʥʥʦʤ ʤʘʩʰʪʘʙʝ, ʩʦʨʘʟʤʝʨʥʦʤ ʩ ʭʘʨʘʢʪʝʨʥʳʤ 

ʚʨʝʤʝʥʝʤ ʧʨʠʨʦʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʜʘʥʥʦʛʦ ʨʘʥʛʘ. ʅʘ ʈʠʩʫʥʢʝ 3 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ 

ʧʨʦʛʥʦʟʥʳʭ ʣʘʥʜʰʘʬʪʥʦ-ɻ ʢʦʣʦʛʠʯʝʩʢʠʭ ʩʮʝʥʘʨʠʝʚ ʜʣʷ ʜʚʫʭ ʵʢʦʨʝʛʠʦʥʦʚ ʉʨʝʜʥʝʛʦ ʇʦʚʦʣʞʴʷ 

(ʶʞʥʦʡ ʧʦʜʪʘʡʛʠ ʠ ʪʠʧʠʯʥʦʡ ʣʝʩʦʩʪʝʧʠ) ʧʦ ʫʤʝʨʝʥʥʦʡ ʠ ʵʢʩʪʨʝʤʘʣʴʥʦʡ ʢʣʠʤʘʪʠʯʝʩʢʠʤ 

ʤʦʜʝʣʷʤ (ʩʤ. ʚʳʰʝ) [6].  

ʂ ʫʢʘʟʘʥʥʳʤ ʧʨʦʛʥʦʟʥʳʤ ʩʨʦʢʘʤ ʚ ʮʝʣʦʤ ʜʣʷ ʦʙʦʠʭ ʵʢʦʨʝʛʠʦʥʦʚ ʢʦʵʬʬʠʮʠʝʥʪ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʫʚʣʘʞʥʝʥʠʷ ʧʦ ʤʦʜʝʣʠ E GISS ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ 0.12ï0.16, ʘ ʧʦ ʤʦʜʝʣʠ HadCM3 

ï ʥʘ 0.61ï0.78. ʇʨʠ ʫʤʝʨʝʥʥʦʤ ʪʝʨʤʦʘʨʠʜʥʦʤ ʩʠʛʥʘʣʝ ʣʝʩʥʳʝ ʙʠʦʛʝʦʮʝʥʦʟʳ ʧʦʯʪʠ ʚʩʝʡ 

ʢʘʪʝʥʘʨʥʦʡ ʩʠʩʪʝʤʳ ʥʘ 55ï80% ʦʩʪʘʶʪʩʷ ʚ ʩʚʦʝʤ ʙʘʟʦʚʦʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ, ʘ ʚʝʨʦʷʪʥʦʩʪʠ 

ʤʝʞʬʘʮʠʘʣʴʥʳʭ ʧʝʨʝʭʦʜʦʚ ʥʝ ʧʨʝʚʳʰʘʶʪ 25ï35% (ʈʠʩʫʥʦʢ 3 ʘ). ɺ ʨʘʡʦʥʝ ʇʨʠʦʢʩʢʦ-

ʊʝʨʨʘʩʥʦʛʦ ʟʘʧʦʚʝʜʥʠʢʘ ʟʘʙʦʣʦʯʝʥʥʳʝ ʩʫʧʝʨʘʢʚʘʣʴʥʳʝ ʭʚʦʡʥʦ-ʤʝʣʢʦʣʠʩʪʚʝʥʥʳʝ ʣʝʩʘ ʤʦʛʫʪ 

ʥʝ ʙʦʣʝʝ ʯʝʤ 15% ʟʘʤʝʱʘʪʴʩʷ ʤʝʟʦ-ʛʠʜʨʦʤʦʨʬʥʳʤʠ ʵʣʶʚʠʘʣʴʥʳʤʠ ʝʣʴʥʠʢʘʤʠ ʠ ʩʦʩʥʷʢʘʤʠ. 
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ʇʦʩʣʝʜʥʠʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩ ʪʘʢʦʡ ʞʝ ʤʘʣʦʡ ʩʢʦʨʦʩʪʴʶ ʧʝʨʝʡʜʫʪ ʚ ʩʦʩʪʦʷʥʠʝ 

ʪʨʘʥʩʵʣʶʚʠʘʣʴʥʳʭ ʢʩʝʨʦʤʦʨʬʥʳʭ ʙʝʨʝʟʦʚʦ-ʩʦʩʥʦʚʳʭ ʣʝʩʦʚ. 

 

 
ʈʠʩʫʥʦʢ 3. ʈʝʛʠʦʥʘʣʴʥʳʝ ʦʨʛʨʘʬʳ ʚʟʘʠʤʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʝʨʝʭʦʜʦʚ (ʩʦʛʣʘʩʥʦ ʜʚʫʤ 

ʧʨʦʛʥʦʟʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʤʦʜʝʣʷʤ) ʛʨʫʧʧ ʙʠʦʛʝʦʮʝʥʦʟʦʚ, ʠʤʝʶʱʠʭ ʨʘʟʣʠʯʥʳʝ ʟʦʥʘʣʴʥʳʝ ʧʨʠʟʥʘʢʠ ʠ 

ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʫʨʦʚʥʷʭ ʙʘʟʦʚʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, ɺʝʨʦʷʪʥʦʩʪʠ ʧʝʨʝʭʦʜʦʚ: 1 ï 

0,10 ʠ ʤʝʥʝʝ; 2 ï 0,11ï0,20; 3 ï 0,21ï0,30; 4 ï 0,31ï0,40; 5 ï 0,41ï0,50; 6 ï 0,51ï0,60; 7 ï 0,61ï0,70; 8 ï 

0,71ï0,80; 9 ï 0,81ï0,90 

 

ʕʢʩʪʨʝʤʘʣʴʥʳʡ ʢʣʠʤʘʪʠʯʝʩʢʠʡ ʩʠʛʥʘʣ ʧʦʣʥʦʩʪʴʶ ʥʘʨʫʰʘʝʪ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʚʩʝʭ ʙʠʦʛʝʦʮʝʥʦʪʠʯʝʩʢʠʭ ʛʨʫʧʧ (ʈʠʩʫʥʦʢ 3 ʙ). ɺ ʇʨʠʩʫʨʴʝ (ʅʘʮʠʦʥʘʣʴʥʦʤ 

ʧʨʠʨʦʜʥʦʤ ʧʘʨʢʝ çʏʘʚʘʰ ɺʘʨʤʘʥʝè) ʙʦʨʦʚʳʝ ʩʦʩʥʷʢʠ ʩ ʝʣʴʶ ʠ ʩʦʩʥʦʚʦ-h ʠʨʦʢʦʣʠʩʪʚʝʥ-ʥʳʝ 

ʣʝʩʘ (ʛʨʫʧʧʳ ʬʘʮʠʡ 1 ʠ 2) ʜʦʣʞʥʳ  ʪʨʘʥʩʬʦʨʤʠʨʫʶʪʩʷ  (ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʘ 80ï90% ʠ ʥʘ 60ï

70%) ʩʥʘʯʘʣʘ ʚ ʶʞʥʫʶ ʣʝʩʦʩʪʝʧʴ, ʘ ʟʘʪʝʤ ʠ ʚ ʩʝʚʝʨʥʫʶ ʩʪʝʧʴ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʘʤʠ ʣʝʩʥʳʝ 

ʩʦʦʙʱʝʩʪʚʘ ʵʪʦʡ ʧʣʝʷʜʳ ʩʣʫʞʘʪ ʧʨʦʦʙʨʘʟʘʤʠ ʙʫʜʫʱʠʭ ʩʦʩʪʦʷʥʠʡ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ 

ʬʘʮʠʘʣʴʥʳʭ ʛʨʫʧʧ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʣʘʢʦʨʥʳʭ ʜʫʙʦ-ʣʠʧʥʷʢʦʚ ʩʦʩʝʜʥʠʭ ʚʦʟʚʳʰʝʥʥʳʭ ʨʘʚʥʠʥ.  
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ʇʨʠ ʧʨʦʛʥʦʟʥʳʭ ʦʮʝʥʢʘʭ ʥʘ ʧʝʨʚʳʝ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʣʝʪ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʭʘʨʘʢʪʝʨʥʳʭ 

ʚʨʝʤʝʥ ʦʙʲʝʢʪʦʚ ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ ʚʥʠʤʘʥʠʝ ʜʦʣʞʥʦ ʙʳʪʴ ʫʜʝʣʝʥʦ ʥʝ ʩʪʨʫʢʪʫʨʥʦʡ ʵʚʦʣʶʮʠʠ 

ʛʝʦ(ʵʢʦ-)ʩʠʩʪʝʤ, ʘ ʥʘʧʨʘʚʣʝʥʥʦʡ ʩʤʝʥʝ ʠʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʪ.ʝ. ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ 

ʨʝʣʘʢʩʘʮʠʠ [5, 6].  

ʈʝʯʴ ʠʜʝʪ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʦʙ ʠʟʤʝʥʝʥʠʷʭ ʩʢʦʨʦʩʪʠ ʤʘʣʦʛʦ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʢʨʫʛʦʚʦʨʦʪʘ ʠ 

ʦ ʧʝʨʝʭʦʜʝ ʵʢʦʩʠʩʪʝʤʳ ʥʘ ʥʦʚʳʡ ʫʨʦʚʝʥʴ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʩʪʠ ʧʨʦʜʫʢʮʠʦʥʥʦʡ ʠ ʜʝʪʨʠʪʥʦʡ 

ʚʝʪʚʝʡ ʤʝʪʘʙʦʣʠʟʤʘ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʧʦ ʩʚʦʝʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʜʦʩʪʘʪʦʯʥʦ ʘʜʝʢʚʘʪʝʥ ʦʙʱʝʤʫ 

ʩʜʚʠʛʫ ʣʘʥʜʰʘʬʪʥʦ-ɻ ʢʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʦʨʠʪʝʪʥʳʤ ʦʙʲʝʢʪʦʤ 

ʣʘʥʜʰʘʬʪʥʦ-ɻ ʢʦʣʦʛʠʯʝʩʢʦʛʦ  ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʨʝʣʘʢʩʘʮʠʷ ʛʝʦ(ʵʢʦ-

)ʩʠʩʪʝʤ ʢʘʢ ʠʭ ʧʝʨʚʦʦʯʝʨʝʜʥʘʷ ʨʝʘʢʮʠʷ ʥʘ ʚʥʝʰʥʝʝ ʚʦʟʜʝʡʩʪʚʠʝ.  

 

ɿʘʢʣʶʯʝʥʠʝ 

ʕʤʧʠʨʠʢʦ-ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ  ʢʘʢ ʤʦʜʝʣʠ ʩʪʘʪʠʯʥʳʝ  ʠʤʝʶʪ ʩʚʦʠ ʥʝʜʦʩʪʘʪʢʠ, ʦʜʠʥ 

ʠʟ ʢʦʪʦʨʳʭ ï ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʧʦʣʫʯʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚʦ ʚʨʝʤʝʥʠ [4]. ʆʥʠ ʜʘʶʪ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʪʝʭ ʢʦʥʝʯʥʳʭ ʨʘʚʥʦʚʝʩʥʳʭ ʩʦʩʪʦʷʥʠʷʭ, ʢ ʢʦʪʦʨʳʤ ʙʫʜʫʪ ʩʪʨʝʤʠʪʴʩʷ ʜʘʥʥʳʝ 

ʧʨʠʨʦʜʥʳʝ ʢʦʤʧʣʝʢʩʳ (ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʭ ʚʨʝʤʝʥʘʤʠ ʨʝʣʘʢʩʘʮʠʠ). ɺʧʨʦʯʝʤ, ʚ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘʤʠ ʤʦʜʝʣʷʭ ʤʦʛʫʪ ʙʳʪʴ ʦʪʨʘʞʝʥʳ ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʨʠʨʦʜʥʦʡ 

ʩʨʝʜʳ. ʉʦʛʣʘʩʥʦ ʪʝʦʨʠʠ ʢʦʥʝʯʥʳʭ ʘʚʪʦʤʘʪʦʚ, ʧʨʦʛʥʦʟʠʨʫʝʤʫʶ ʪʨʘʝʢʪʦʨʠʶ ʩʪʨʫʢʪʫʨʥʳʭ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʛʝʦ(ʵʢʦ-)ʩʠʩʪʝʤʳ ʤʦʞʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʢʘʢ ʩʝʨʠʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʩʤʝʥ 

(ʵʪʘʧʦʚ) ʝʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ, ʪ.ʝ. ʜʠʩʢʨʝʪʥʳʤʠ ʚʨʝʤʝʥʥʳʤʠ ʪʘʢʪʘʤʠ,  ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʨʘʩʢʨʳʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʝʝ ʠʟʤʝʥʝʥʠʡ ʚʦ ʚʨʝʤʝʥʠ [23]. ʆʙʨʘʪʠʤ ʚʥʠʤʘʥʠʝ 

ʪʘʢʞʝ ʥʘ ʦʧʨʝʜʝʣʝʥʥʫʶ ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ ʵʤʧʠʨʠʢʦ-ʠʤʠʪʘʮʠʦʥ-ʥʦʛʦ ʤʝʪʦʜʘ ʣʘʥʜʰʘʬʪʥʦ-

ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʦʩʥʦʚʘʥʥʦʛʦ, ʢʘʢ ʫʞʝ ʛʦʚʦʨʠ-ʣʦʩʴĚ ʥʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʤ 

ʩʚʦʡʩʪʚʝ ʵʨʛʦʜʠʯʥʦʩʪʠ  ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ. ʉʫʪʴ  ʵʪʠʭ ʦʛʨʘʥʠʯʝ-ʥʠʡ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʧʨʦʛʥʦʟ 

ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʴʥʳʤ ʪʦʣʴʢʦ ʥʘ ʧʝʨʠʦʜ ʩʦʭʨʘʥʝʥʠʷ ʨʘʚʥʦ-ʚʝʩʥʳʭ ʠʣʠ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, 

ʩʪʘʮʠʦʥʘʨʥʳʭ ʧʨʦʮʝʩʩʦʚ [24]. ɸʜʝʢʚʘʪʥʦʩʪʴ ʤʦʜʝʣʝʡ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʩʷ, ʝʩʣʠ ʚ ʪʝʯʝʥʠʝ 

ʧʨʦʛʥʦʟʥʦʛʦ ʧʝʨʠʦʜʘ ʨʦʣʴ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʩʪʘʥʝʪ ʢʘʨʜʠʥʘʣʴʥʦ ʤʝʥʷʪʴʩʷ.  ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʧʨʦʛʥʦʟʠʨʫʝʤʘʷ ʛʝʦ(ʵʢʦ-)ʩʠʩʪʝʤʘ, ʙʫʜʫʯʠ ʠʟʥʘʯʘʣʴʥʦ ʣʠʥʝʡʥʦʡ, ʧʝʨʝʡʜʝʪ ʚ ʢʘʪʝʛʦʨʠʶ 

ʥʝʣʠʥʝʡʥʳʭ ʩʠʩʪʝʤ, ʩ ʥʝʧʨʦʧʦʨʮʠʦʥʘʣʴ-ʥʦʩʪʴʶ ʠʭ ʦʪʢʣʠʢʘ ʥʘ ʪʫ ʠʣʠ ʠʥʫʶ ʚʝʣʠʯʠʥʫ 

ʚʦʟʤʫʱʘʶʱʝʛʦ ʩʠʛʥʘʣʘ [25]. ɼʣʷ ʣʝʩʥʦʡ ʟʦʥʳ ɺʦʣʞʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʧʦʜʦʙʥʘʷ ʩʠʪʫʘʮʠʷ 

ʩʣʦʞʠʪʩʷ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʫʞʝ ʢ 2050 ʛʦʜʫ, ʢʦʛʜʘ ʩʦʩʪʦʷʥʠʝ ʘʪʤʦʩʬʝʨʳ ʚʳʡʜʝʪ ʟʘ ʨʘʤʢʠ 

ʩʦʚʨʝʤʝʥʥʦʡ ʤʝʞʛʦʜʦʚʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʝʝ ʩʦʩʪʦʷʥʠʷ [5]. ʄʦʜʥʦ ʧʦʣʘʛʘʪʴ, ʯʪʦ 

ʫʢʘʟʘʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʵʨʛʦʜʠʯʥʦʡ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʦʙʫʩʣʦʚʣʝʥʳ, ʩʦʛʣʘʩʥʦ [26], 

ʩʫʱʝʩʪʚʝʥʥʦʡ ʦʙʦʩʦʙʣʝʥʥʦʩʪʴʶ ʪʨʝʭ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʣʘʥʜʰʘʬʪʥʦʛʦ ʩʠʥʪʝʟʘ ï 

ʩʪʨʫʢʪʫʨʥʦʛʦ, ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʠ ʵʚʦʣʶʮʠʦʥʥʦʛʦ. ʕʪʠ ʦʛʨʘʥʠʯʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʧʨʝʦʜʦʣʝʥʳ, ʝʩʣʠ, ʥʘ ʢʘʞʜʦʤ ʜʠʩʢʨʝʪʥʦʤ ʰʘʛʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʨʠʥʷʪʴ, 

ʧʦ [24], ʪʨʘʝʢʪʦʨʠʶ ʧʨʝʜʧʦʣʘʛʘʝʤʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʛʝʦ(ʵʢʦ-)ʩʠʩʪʝʤʳ 

ʩʪʘʮʠʦʥʘʨʥʳʤ ʥʝʨʘʚʥʦʚʝʩʥʳʤ ʧʨʦʮʝʩʩʦʤ, ʢʦʪʦʨʳʡ ʦʙʣʘʜʘʝʪ ʩʚʦʡʩʪʚʘʤʠ ʦʙʨʘʪʠʤʦʩʪʠ. ʇʨʠ 

ʚʥʝʰʥʝʤ ʚʦʟʤʫʱʝʥʠʠ ʩʠʩʪʝʤʘ ʧʝʨʝʭʦʜʠʪ ʠʟ ʩʦʩʪʦʷʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʚ ʥʝʨʘʚʥʦʚʝʩʥʳʡ 

ʩʪʘʮʠʦʥʘʨʥʳʡ ʨʝʞʠʤ. ʇʨʠ ʵʪʦʤ, ʩʣʠʷʥʠʝ ʧʨʝʞʥʝʛʦ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʩ ʥʝʫʩʪʦʡʯʠʚʳʤ 

ʩʪʘʮʠʦʥʘʨʥʳʤ ʨʝʞʠʤʦʤ ʚʳʟʳʚʘʝʪ ʦʧʨʝʜʝʣʝʥʥʳʡ ʩʢʘʯʢʦʦʙʨʘʟʥʳʡ ʧʝʨʝʭʦʜ ʢ ʥʦʚʦʤʫ ʨʝʞʠʤʫ 

[27]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʞʜʳʡ ʥʦʚʳʡ ʰʘʛ ʧʨʦʛʥʦʟʠʨʫʝʤʦʡ ʪʨʘʝʢʪʦʨʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʢʘʯʦʢ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʛʝʦ(ʵʢʦ-)ʩʠʩʪʝʤʳ, ʚʳʨʘʞʝʥʥʳʡ ʚ ʙʦʣʴʰʝʡ ʠʣʠ ʤʝʥʴʰʝʡ 

ʩʪʝʧʝʥʠ. 
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ɸʥʥʦʪʘʮʠʷ. ɺʦʩʪʦʯʥʳʡ ɿʘʥʛʝʟʫʨʩʢʠʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʨʘʡʦʥ, ʙʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʙʦʛʘʪʳʤ 

ʧʨʠʨʦʜʥʳʤ ʨʝʩʫʨʩʘʤ ʠ ʩʪʨʘʪʝʛʠʯʝʩʢʦʤʫ ʨʘʩʧʦʣʦʞʝʥʠʶ, ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʨʝʛʠʦʥʦʚ ɸʟʝʨʙʘʡʜʞʘʥʘ ʚ ʵʢʦʥʦʤʠʯʝʩʢʦʤ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʤ ʧʣʘʥʝ. ʈʝʰʝʥʠʝ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ 

ʫʩʣʦʚʠʡ ʜʣʷ ʧʦʣʥʦʛʦ ʨʘʩʢʨʳʪʠʷ ʧʦʪʝʥʮʠʘʣʘ ʵʪʦʛʦ ʨʝʛʠʦʥʘ. ʆʮʝʥʢʘ ʧʦʪʝʥʮʠʘʣʘ ʩʦʣʥʝʯʥʦʡ 

ʵʥʝʨʛʠʠ ʚ ʵʪʦʤ  ʨʝʛʠʦʥʝ ʠʤʝʝʪ ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ, ʦʩʦʙʝʥʥʦ ʩ ʫʯʝʪʦʤ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠ 

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʨʝʠʤʫʱʝʩʪʚ ʩʦʣʥʝʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ. ɺʦʩʪʦʯʥʦ-ɿʘʥʛʝʟʫʨʩʢʠʡ  

ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʨʘʡʦʥ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʛʘʪʳʤʠ ʧʨʠʨʦʜʥʳʤʠ ʨʝʩʫʨʩʘʤʠ, ʚʢʣʶʯʘʷ ʣʝʩʘ, ʨʝʢʠ, 

ʧʣʦʜʦʨʦʜʥʳʝ ʟʝʤʣʠ, ʤʠʥʝʨʘʣʴʥʳʝ ʨʝʩʫʨʩʳ ʠ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʝ. ʅʝʩʤʦʪʨʷ ʥʘ ʫʱʝʨʙ, 

ʥʘʥʝʩʝʥʥʳʡ ʚʦ ʚʨʝʤʷ ʦʢʢʫʧʘʮʠʠ, ʜʦʩʪʠʛʥʫʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʨʦʛʨʝʩʩ ʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ 

ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ ɻ ʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʡʦʥʘ, ʚʢʣʶʯʘʷ ʠʥʠʮʠʘʪʠʚʳ ʧʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ 

ʣʝʩʦʚ, ʦʯʠʩʪʢʝ ʚʦʜʳ ʠ ʧʦ ʨʘʟʚʠʪʠʶ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ɻʥʝʨʛʠʠ. ɺ ʵʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʦʪʝʥʮʠʘʣ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ɿʘʥʛʠʣʘʥʩʢʦʛʦ, ʂʝʣʴʙʘʜʞʘʨʩʢʦʛʦ ʠ 

ɻʫʙʘʜʣʠʥʩʢʦʛʦ ʨʘʡʦʥʦʚ, ʧʦʜʯʝʨʢʠʚʘʶʪʩʷ ʠʭ ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʢʨʫʛʣʦʛʦʜʠʯʥʘʷ 

ʜʦʩʪʫʧʥʦʩʪʴ ʩʦʣʥʝʯʥʦʛʦ ʩʚʝʪʘ. ɼʣʷ ʨʘʩʯʝʪʘ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʦʣʥʝʯʥʦʡ 

ʵʥʝʨʛʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ: ʩʢʣʦʥʝʥʠʝ, ʫʛʣʳ ʧʘʜʝʥʠʷ ʩʦʣʥʝʯʥʳʭ ʣʫʯʝʡ, 

ʩʦʣʥʝʯʥʳʡ ʯʘʩʦʚʦʡ ʫʛʦʣ, ʟʝʥʠʪʥʳʡ ʫʛʦʣ. ʆʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʩʦʣʥʝʯʥʘʷ ʨʘʜʠʘʮʠʷ ʚ ɿʘʥʛʠʣʘʥʝ 20 

ʤʘʨʪʘ ʚ 12:00 ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 1309,5 ɺʪ/ʤĮ, ʚ ʂʝʣʴʙʘʜʞʘʨʝ 1299.2 ɺʪ/ʤĮ, ʘ ʚ 

ɻʫʙʘʜʣʳ -1057.40 ɺʪ/ʤĮ. ʇʦʜʨʦʙʥʳʝ ʨʘʩʯʝʪʳ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʠ ʟʝʥʠʪʥʳʭ ʫʛʣʦʚ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʩʦʣʥʝʯʥʳʭ ʧʨʦʝʢʪʦʚ ʚ ʵʪʠʭ ʨʘʡʦʥʘʭ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʩʫʤʤʘʨʥʘʷ ʛʦʜʦʚʘʷ ʚʳʨʘʙʦʪʢʘ ʵʥʝʨʛʠʠ ʩ 1 ʛʝʢʪʘʨʘ ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʝʡ ʚ ʵʪʠʭ ʨʘʡʦʥʘʭ 

ʩʦʩʪʘʚʣʷʝʪ ʚ ʦʙʱʝʡ ʩʣʦʞʥʦʩʪʠ 13 206,6 ʄɺʪ. ʀʟʫʯʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ, ʩʧʝʮʠʬʠʯʥʦʛʦ ʜʣʷ ʵʪʦʛʦ 

ʨʝʛʠʦʥʘ, ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʮʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʠ ʧʦʪʝʥʮʠʘʣʝ ʨʘʟʚʠʪʠʷ 

ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʚ ɺʦʩʪʦʯʥʦ-ɿʘʥʛʝʟʫʨʩʢʦʤ ɻ ʢʦʥʦʤʠʯʝʩʢʦʤ ʨʘʡʦʥʝ, ʩʧʦʩʦʙʩʪʚʫʷ ʦʙʱʝʡ 

ʦʮʝʥʢʝ ʠ ʨʘʟʚʠʪʠʶ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʝʪʠʢʠ ʚ ɸʟʝʨʙʘʡʜʞʘʥʝ. 

 

Abstract. The Eastern Zangezur Economic Region, owing to its rich natural resources and 

strategic location, is one of the most promising regions of Azerbaijan from both economic and 

environmental perspectives. Addressing environmental challenges and ensuring sustainable 

development are among the main prerequisites for fully realizing the potential of this region. 
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Assessing the solar energy potential of the region is of paramount importance, especially in view of 

the environmental and economic advantages of solar energy sources. The Eastern Zangezur Economic 

Region is characterized by abundant natural resources, including forests, rivers, fertile lands, mineral 

resources, and biodiversity. Despite the damage inflicted during the period of occupation, significant 

progress has been made in restoring the ecological balance of the economic region, including 

initiatives for reforestation, water purification, and the development of renewable energy sources. 

This study presents the solar energy potential of the Zangilan, Kalbajar, and Gubadli districts, 

highlighting their geographical advantages and year-round availability of sunlight. The following 

parameters were used to calculate solar radiation and solar energy production: declination, angles of 

incidence of solar rays, solar hour angle, and zenith angle. It was determined that solar radiation in 

Zangilan on March 20 at 12:00 is approximately 1309.5 W/m², in Kalbajar 1299.2 W/m², and in 

Gubadli 1057.40 W/m². Detailed calculations of solar radiation and zenith angles demonstrate the 

viability of solar projects in these areas. It was established that the total annual energy generation 

from 1 hectare of solar panels in these areas amounts to a combined total of 13,206.6 MWh. Studying 

the region-specific potential provides valuable insights into the feasibility and prospects for the 

development of solar energy in the Eastern Zangezur Economic Region, contributing to the overall 

assessment and advancement of renewable energy in Azerbaijan 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʛʣʳ ʧʘʜʝʥʠʷ ʩʦʣʥʝʯʥʳʭ ʣʫʯʝʡ, ʟʝʥʠʪʥʳʡ ʫʛʦʣ, ʩʦʣʥʝʯʥʘ ̫ʨʘʜʠʘʮʠʷ, 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ. 

 

Keywords: angles of solar incidence, zenith angle, solar radiation, energy potential. 

 

ɺ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʤʠʨʦʚʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʵʥʝʨʛʠʠ ʟʘʤʝʥʷʝʪʩʷ ʚʦʟʦʙʥʦʚʣʷʝʤʳʤʠ 

ʠʩʪʦʯʥʠʢʘʤʠ ʵʥʝʨʛʠʠ ʠʟ-ʟʘ ʠʩʪʦʱʝʥʠʷ ʟʘʧʘʩʦʚ ʠʩʢʦʧʘʝʤʦʛʦ ʪʦʧʣʠʚʘ ʠ ʫʩʢʦʨʝʥʠʷ ʠʟʤʝʥʝʥʠʡ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠʨʦʜʥʳʭ, ʫʩʪʦʡʯʠʚʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʩʦʣʥʝʯʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʜʣʷ ʧʠʪʘʥʠʷ ʠʥʞʝʥʝʨʥʳʭ ʩʠʩʪʝʤ ʧʦʤʦʛʘʝʪ ʩʥʠʟʠʪʴ 

ʵʥʝʨʛʦʟʘʪʨʘʪʳ, ʪʝʤ ʩʘʤʳʤ ʫʤʝʥʴʰʘʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʠʟʜʝʨʞʢʠ, ʘ ʪʘʢʞʝ ʘʥʪʨʦʧʦʛʝʥʥʫʶ 

ʥʘʛʨʫʟʢʫ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʉʦʣʥʝʯʥʘʷ ʵʥʝʨʛʠʷ, ʧʦʩʪʫʧʘʶʱʘʷ ʥʘ ɿʝʤʣʶ, ʷʚʣʷʝʪʩʷ 

ʢʨʫʧʥʝʡʰʠʤ ʜʦʩʪʫʧʥʳʤ ʚʦʟʦʙʥʦʚʣʷʝʤʳʤ ʠʩʪʦʯʥʠʢʦʤ ʵʥʝʨʛʠʠ, ʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʷ, 

ʚʳʨʘʙʘʪʳʚʘʝʤʘʷ ʩʦʣʥʝʯʥʳʤʠ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʧʘʥʝʣʷʤʠ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ 

ʩʘʤʳʤ ʜʝʰʝʚʳʤ ʚʠʜʦʤ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʠʠ [1]. 

ɼʝʪʘʣʴʥʘʷ ʦʮʝʥʢʘ ʧʦʪʝʥʮʠʘʣʘ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʚ ʨʝʛʠʦʥʝ ɹʣʠʞʥʝʛʦ ɺʦʩʪʦʢʘ ʠ 

ʉʝʚʝʨʥʦʡ ɸʬʨʠʢʠ ʠ ʉʨʝʜʠʟʝʤʥʦʤʦʨʴʷ ʧʫʪʝʤ ʨʘʟʨʘʙʦʪʢʠ ʩʠʩʪʝʤʳ ʟʦʥʠʨʦʚʘʥʠʷ ʩʦʣʥʝʯʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʥʘ ʦʩʥʦʚʝ ʧʝʨʝʜʦʚʳʭ ʤʝʪʦʜʦʚ ʢʣʘʩʪʝʨʠʟʘʮʠʠ, ʧʨʠʤʝʥʝʥʥʳʭ ʢ ʜʘʥʥʳʤ NASA 

POWER ʧʨʦʚʦʜʠʣʩʷ ʍʘʜʞʦʫ ʠ ʄʛʦʫʯʠ [2].  

ʇʨʦʚʦʜʠʤʳʡ ʠʤʠ ʘʥʘʣʠʟ ʛʣʦʙʘʣʴʥʦʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʚʝʱʝʥʥʦʩʪʠ (GHI) ʚʳʜʝʣʠʣ 

ʚʦʩʝʤʴ ʨʘʟʣʠʯʥʳʭ ʟʦʥ, ʚʳʷʚʠʚ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʛʨʘʜʠʝʥʪ ʚ ʜʦʩʪʫʧʥʦʩʪʠ 

ʩʦʣʥʝʯʥʳʭ ʨʝʩʫʨʩʦʚ, ʛʜʝ ʩʨʝʜʥʝʛʦʜʦʚʳʝ ʟʥʘʯʝʥʠʷ GHI ʚʘʨʴʠʨʫʶʪʩʷ ʦʪ 4,57 ʢɺʪĿʯ/ʤĮ/ʜʝʥʴ ʜʦ 

6,46 ʢɺʪĿʯ/ʤĮ/ʜʝʥʴ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʥʦʚʳʡ ʤʝʪʦʜ ʦʮʝʥʢʠ ʩʦʣʥʝʯʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʜʣʷ ʦʮʝʥʢʠ 

ʩʦʣʥʝʯʥʦʡ ʤʦʱʥʦʩʪʠ ʚ ʛʣʦʙʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ, ʚʳʙʨʘʥʘ ʤʦʜʝʣʴ XGBoost ʜʣʷ ʦʙʫʯʝʥʠʷ ʥʘ 

ʦʩʥʦʚʝ ʠʩʪʦʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʦ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʠ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʟʘ ʧʝʨʠʦʜ ʩ 

1980 ʧʦ 2015 ʛʦʜ [3].  

ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʤʦʜʝʣʴ XGBoost ʧʨʝʚʦʩʭʦʜʠʪ ʜʨʫʛʠʝ ʘʣʛʦʨʠʪʤʳ ʤʘʰʠʥʥʦʛʦ 

ʦʙʫʯʝʥʠʷ, ʜʦʩʪʠʛʘʷ ʙʦʣʝʝ ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʡ RMSE = 0,97 ʢɺʪĿʯ/ʤĮ ʠ MAE = 0,76 ʢɺʪĿʯ/ʤĮ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʣʷ ʧʦʪʝʥʮʠʘʣʘ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ. ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʪʨʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ 

ʄʠʥʜʘʥʘʦ (ʌʠʣʠʧʧʠʥʳ), ʚ ɻʦʙʠ-ɸʣʪʘʝ (ʄʦʥʛʦʣʠʷ) ʠ ʥʘ ʇʝʣʦʧʦʥʥʝʩʝ (ɻʨʝʮʠʷ), ʨʝʟʫʣʴʪʘʪʳ 
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ʢʦʪʦʨʳʭ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ ʚ ʜʦʣʛʦʩʨʦʯʥʦʤ ʧʣʘʥʠʨʦʚʘʥʠʠ 

ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʝʪʠʢʠ. ʇʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʧʦʪʝʥʮʠʘʣʘ ʩʦʣʥʝʯʥʦʡ ʠ ʚʝʪʨʦʚʦʡ ʵʥʝʨʛʠʠ ʚ 

ʧʨʦʚʠʥʮʠʠ ʈʘʟʘʚʠ ʍʦʨʘʩʘʥ, ʀʨʘʥ, ʦʮʝʥʢʫ ʩʨʝʜʥʝʛʦ ʫʨʦʚʥʷ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ, ʩʨʝʜʥʠʭ 

ʩʢʦʨʦʩʪʝʡ ʚʝʪʨʘ ʠ ʧʘʨʘʤʝʪʨʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ɺʝʡʙʫʣʣʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʛʦʨʦʜʦʚ ʠ ʟʦʥ ʚ 

ʧʨʝʜʝʣʘʭ ʧʨʦʚʠʥʮʠʠ [4].  

ʇʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʦ ʢʦʣʠʯʝʩʪʚʝ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʟʘ ʧʝʨʠʦʜ ʩ ʷʥʚʘʨʷ 2018 ʛ ʧʦ 

ʜʝʢʘʙʨʴ 2022 ʛ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʨʘʡʦʥʦʚ ɹʘʭʠʨ-ɼʘʨʘ, ʕʬʠʦʧʠʷ: 37Á ʚ.ʜ. ʠ 11,6Á ʩ.ʰ. ɺ ʘʧʨʝʣʝ 

ʥʘʙʣʶʜʘʣʘʩʴ ʥʘʠʙʦʣʴʰʘʷ ʛʣʦʙʘʣʴʥʘʷ ʨʘʜʠʘʮʠʷ (ʩʨʝʜʥʝʤʝʩʷʯʥʘʷ ʧʦʯʘʩʦʚʘʷ) ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʩʦʩʪʘʚʣʷʶʱʘʷ 9,09 ʄɼʞ/ʤĮĿʯʘʩ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʠʶʥʝ ʥʘʙʣʶʜʘʣʘʩʴ ʥʘʠʤʝʥʴʰʘʷ 

ʨʘʩʩʝʷʥʥʘʷ ʨʘʜʠʘʮʠʷ ð 2,3 ʄɼʞ/ʤĮĿʯʘʩ. ʉʦʛʣʘʩʥʦ ʠʩʩʣʝʜʦʚʘʥʠʶ, ʠʟʣʫʯʝʥʠʝ ʥʘ ʥʘʢʣʦʥʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʵʢʚʘʪʦʨʫ ʚ ʩʝʚʝʨʥʦʤ ʧʦʣʫʰʘʨʠʠ ʧʨʠ ʘʟʠʤʫʪʘʣʴʥʦʤ ʫʛʣʝ ɔ = 0Á 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ ʩʫʤʤʘʨʥʦʝ ʠʟʣʫʯʝʥʠʝ (ʩʨʝʜʥʝʤʝʩʷʯʥʦʝ ʟʘ ʩʫʪʢʠ) 

ʩʦʩʪʘʚʣʷʝʪ 48,3 ʄɼʞ/ʤĮĿʩʫʪ (ʷʥʚʘʨʴ), ʘ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ ʩʫʤʤʘʨʥʦʝ ʠʟʣʫʯʝʥʠʝ 

(ʩʨʝʜʥʝʤʝʩʷʯʥʦʝ ʟʘ ʯʘʩ) ð 9,14 ʄɼʞ/ʤĮĿʯʘʩ ʚ 13:00 [5]. 

ɸʥʘʣʠʟʠʨʫʶʪʩʷ ʜʦʣʛʦʩʨʦʯʥʳʝ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʧʨʠʨʦʜʥʳʭ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʚʜʦʣʴ ʧʦʙʝʨʝʞʴʷ ʟʘʣʠʚʘ ɻʘʨʘʙʦʛʘʟʢʸʣʴ ʚ ʂʘʩʧʠʡʩʢʦʤ 

ʤʦʨʝ [6].  

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʦʪʝʥʮʠʘʣ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʥʘ ʧʦʙʝʨʝʞʴʝ 

ʟʘʣʠʚʘ. ʀʩʧʦʣʴʟʫʶʪʩʷ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʦʮʝʥʢʠ ʧʦʪʝʥʮʠʘʣʘ ʪʝʧʣʦʚʳʭ 

ʨʝʩʫʨʩʦʚ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ; ʫʯʝʪʘ ʩʦʣʷʥʳʭ ʦʪʣʦʞʝʥʠʡ ʟʘʣʠʚʘ ʚ ʢʘʯʝʩʪʚʝ 

ʪʝʧʣʦʘʢʢʫʤʫʣʷʪʦʨʦʚ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ, ʚʥʝʜʨʝʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʩʦʣʥʝʯʥʦʡ 

ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ; ʠ ʩʦʩʪʘʚʣʝʥʠʷ ʪʝʭʥʠʢʦ-ɻ ʢʦʥʦʤʠʯʝʩʢʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʠʥʞʝʥʝʨʥʳʭ ʩʠʩʪʝʤʘʭ ʟʘʣʠʚʘ. ʅʘ ʦʩʥʦʚʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʤʝʪʦʜʠʯʝʩʢʠʭ 

ʨʘʩʯʝʪʦʚ, ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʳʭ ʩ ʫʯʝʪʦʤ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʩʦʣʥʝʯʥʦʛʦ ʩʠʷʥʠʷ; ʯʘʩʦʚʦʛʦ ʫʛʣʘ 

ʜʣʷ ʥʘʢʣʦʥʥʦʡ ʠ ʥʦʨʤʘʣʴʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ; ʩʤʝʱʝʥʠʷ ʩʦʣʥʝʯʥʦʛʦ ʩʢʣʦʥʝʥʠʷ 

ʥʘ ʥʘʢʣʦʥʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʠ ʢ ʛʦʨʠʟʦʥʪʫ; ʨʘʩʩʝʷʥʠʷ ʠʟʣʫʯʝʥʠʷ, ʘʣʴʙʝʜʦ, ʫʛʣʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʚʭʦʜʥʦʛʦ ʠ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ; ʩʨʝʜʥʝʤʝʩʷʯʥʦʡ ʠ ʛʦʜʦʚʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ 

ʠ ʨʘʙʦʪʳ ʩʦʣʥʝʯʥʦʡ ʫʩʪʘʥʦʚʢʠ; ʫʜʝʣʴʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʦʣʥʝʯʥʦʡ ʫʩʪʘʥʦʚʢʠ ʠ 

ʪ. ʜ., ʙʳʣʠ ʦʮʝʥʝʥʳ ʧʦʪʝʥʮʠʘʣʳ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠʥʚʝʨʪʦʨʘ ʠ 

ʩʦʣʥʝʯʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʢʦʣʣʝʢʪʦʨʘ ʧʨʠ ʦʧʪʠʤʘʣʴʥʦʤ ʫʛʣʝ ʥʘʢʣʦʥʘ. 

ɺ ʧʨʦʚʠʥʮʠʠ ʍʵʡʣʫʥʮʟʷʥ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ 

(ɻʀʉ) ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʨʝʩʫʨʩʦʚ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʚ 13 ʢʨʫʧʥʳʭ ʛʦʨʦʜʘʭ ʩ ʮʝʣʴʶ 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʩʧʨʘʚʦʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʧʣʘʥʠʨʦʚʘʥʠʷ ʥʠʟʢʦʫʛʣʝʨʦʜʥʦʛʦ ʨʘʟʚʠʪʠʷ ʚ 

ʨʝʛʠʦʥʝ ʍʵʡʣʫʥʮʟʷʥ. ʉ ʧʦʤʦʱʴʶ ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣ ʚʳʷʚʣʝʥ ʢʦʵʬʬʠʮʠʝʥʪ 

ʢʦʨʨʝʣʷʮʠʠ. ɿʘ ʠʩʢʣʶʯʝʥʠʝʤ ʍʘʨʙʠʥʘ, ʫʨʦʚʝʥʴ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʜʨʫʛʠʭ ʛʦʨʦʜʦʚ 

ʨʝʛʠʦʥʘ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʠʣʴʥʫʶ ʢʦʨʨʝʣʷʮʠʶ ʩ ʧʦʪʝʥʮʠʘʣʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ 

ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ɺɺʇ ʢʘʞʜʦʡ ʦʪʨʘʩʣʠ ʠ ʢʦʵʬʬʠʮʠʝʥʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʦʢʘʟʳʚʘʶʪ ʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʣʥʝʯʥʦʡ 

ʵʥʝʨʛʠʠ, ʯʝʤ ɺɺʇ ʩʝʢʪʦʨʘ ʫʩʣʫʛ [7]. 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʘʥʥʳʝ ʩʧʫʪʥʠʢʦʚʳʭ ʩʥʠʤʢʦʚ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʨʝʛʠʦʥʘʣʴʥʦʡ ʦʮʝʥʢʠ ʧʦʪʝʥʮʠʘʣʘ ʩʦʣʥʝʯʥʦʡ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʛʝʥʝʨʘʮʠʠ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ 

ʅʠʛʝʨʠʠ. ɹʳʣʘ ʨʘʩʩʯʠʪʘʥʘ ʩʨʝʜʥʝʛʦʜʦʚʘʷ ʛʣʦʙʘʣʴʥʘʷ ʩʦʣʥʝʯʥʘʷ ʨʘʜʠʘʮʠʷ ʥʘ ʦʩʥʦʚʝ 

ʩʧʫʪʥʠʢʦʚʳʭ ʩʥʠʤʢʦʚ, ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʧʨʦʛʨʘʤʤʘ ArcGIS ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʠʦʨʠʪʝʪʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʡ ʜʣʷ ʨʘʟʚʠʪʠʷ ʩʦʣʥʝʯʥʳʭ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʅʠʛʝʨʠʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʳʡ ʨʝʛʠʦʥ ʠʤʝʝʪ ʩʘʤʦʝ ʚʳʩʦʢʦʝ 

ʩʨʝʜʥʝʛʦʜʦʚʦʝ ʟʥʘʯʝʥʠʝ ʛʣʦʙʘʣʴʥʦʡ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ (2179,5 ʢɺʪĿʯ/ʤĮ/ʛʦʜ), ʟʘ ʥʠʤ ʩʣʝʜʫʶʪ 

ʩʝʚʝʨʦ-ʟʘʧʘʜʥʳʡ ʨʝʛʠʦʥ (2137,5 ʢɺʪĿʯ/ʤĮ/ʛʦʜ) ʠ ʩʝʚʝʨʦ-ʮʝʥʪʨʘʣʴʥʳʡ ʨʝʛʠʦʥ (1909,6 
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ʢɺʪĿʯ/ʤĮ/ʛʦʜ). ɺʣʠʷʥʠʝ ʛʣʦʙʘʣʴʥʦʡ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʪʘʢʞʝ ʧʨʠʚʝʣʦ ʢ ʧʦʚʳʰʝʥʠʶ 

ʪʝʤʧʝʨʘʪʫʨʳ. ʉʝʚʝʨʦ-ʚʦʩʪʦʯʥʳʡ ʨʝʛʠʦʥ ʦʙʣʘʜʘʝʪ ʥʘʠʙʦʣʴʰʝʡ ʧʨʠʛʦʜʥʦʩʪʴʶ ʜʣʷ ʨʘʟʚʠʪʠʷ 

ʩʦʣʥʝʯʥʳʭ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ, ʟʘ ʥʠʤ ʩʣʝʜʫʶʪ ʩʝʚʝʨʦ-ʮʝʥʪʨʘʣʴʥʳʡ ʠ ʩʝʚʝʨʦ-

ʟʘʧʘʜʥʳʡ ʨʝʛʠʦʥʳ. ʅʘʠʙʦʣʴʰʫʶ ʤʦʱʥʦʩʪʴ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʢʨʝʤʥʠʡ (500,5 ɻɺʪ), ʟʘ ʥʠʤ ʩʣʝʜʫʶʪ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʢʨʝʤʥʠʡ 

(462,5 ɻɺʪ), ʪʝʣʣʫʨʠʜ ʢʘʜʤʠʷ (362,7 ɻɺʪ) ʠ ʘʤʦʨʬʥʳʡ ʢʨʝʤʥʠʡ (81,10202,8 ɻɺʪ), ʠʤʝʶʱʠʡ 

ʥʘʠʤʝʥʴʰʠʝ ʟʥʘʯʝʥʠʷ [8]. 

ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ 

ʚ ɺʦʩʪʦʯʥʦ-ɿʘʥʛʝʟʫʨʩʢʦʤ  ʵʢʦʥʦʤʠʯʝʩʢʦʤ ʨʘʡʦʥʝ ɸʟʝʨʙʘʡʜʞʘʥʘ. ɺʦʩʪʦʯʥʳʡ ɿʘʥʛʝʟʫʨ ð ɻ ʪʦ 

ʠʩʪʦʨʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʡ ʨʝʛʠʦʥ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʚ ʟʘʧʘʜʥʦʤ ɸʟʝʨʙʘʡʜʞʘʥʝ, ʟʘʥʠʤʘʶʱʠʡ 

ʚʦʩʪʦʯʥʫʶ ʯʘʩʪʴ ɿʘʥʛʝʟʫʨʩʢʦʛʦ ʛʦʨʥʦʛʦ ʭʨʝʙʪʘ. ɹʣʘʛʦʜʘʨʷ ʩʚʦʝʤʫ ʩʪʨʘʪʝʛʠʯʝʩʢʦʤʫ 

ʧʦʣʦʞʝʥʠʶ, ʧʨʠʨʦʜʥʳʤ ʨʝʩʫʨʩʘʤ ʠ ʜʨʝʚʥʝʤʫ ʢʫʣʴʪʫʨʥʦʤʫ ʥʘʩʣʝʜʠʶ, ʵʪʦʪ ʨʘʡʦʥ ʷʚʣʷʝʪʩʷ 

ʦʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʨʝʛʠʦʥʦʚ ʩʪʨʘʥʳ. ʆʙʱʘʷ ʧʣʦʱʘʜʴ ʨʝʛʠʦʥʘ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 7748 

ʢʤ2. ʂʘʞʜʳʡ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʡ ʨʘʡʦʥ ʠʤʝʝʪ ʩʚʦʠ ʫʥʠʢʘʣʴʥʳʝ ʧʨʠʨʦʜʥʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ 

ʦʩʦʙʝʥʥʦʩʪʠ. ʈʝʛʠʦʥ ʠʟʚʝʩʪʝʥ ʩʚʦʠʤ ʛʦʨʥʳʤ ʨʝʣʴʝʬʦʤ, ʛʫʩʪʳʤʠ ʣʝʩʘʤʠ, ʙʦʛʘʪʳʤʠ ʚʦʜʥʳʤʠ 

ʨʝʩʫʨʩʘʤʠ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ. ʃʝʩʘ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤ ʵʢʦʣʦʛʠʯʝʩʢʠʤ 

ʙʦʛʘʪʩʪʚʦʤ ɺʦʩʪʦʯʥʦʛʦ ɿʘʥʛʝʟʫʨʘ. ɻʦʨʥʦ-ʣʝʩʥʦʡ ʣʘʥʜʰʘʬʪ, ʦʩʦʙʝʥʥʦ ʚ ʂʝʣʴʙʘʜʞʘʨʩʢʦʤ 

ʨʘʡʦʥʝ, ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʨʠʨʦʜʥʦʛʦ ʙʘʣʘʥʩʘ ʨʝʛʠʦʥʘ [9]. 

ɺʦʩʪʦʯʥʳʡ ɿʘʥʛʝʟʫʨʩʢʠʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʨʘʡʦʥ ʪʘʢʞʝ ʙʦʛʘʪ ʚʦʜʥʳʤʠ ʨʝʩʫʨʩʘʤʠ. ʏʝʨʝʟ 

ʨʝʛʠʦʥ ʧʨʦʪʝʢʘʶʪ ʪʘʢʠʝ ʨʝʢʠ, ʢʘʢ ʍʘʢʘʨʠ, ʆʭʯʫʯʘʡ ʠ ɹʘʩʠʪʯʘʡ. ʕʪʠ ʨʝʢʠ ʚʘʞʥʳ ʢʘʢ ʠʩʪʦʯʥʠʢ 

ʧʠʪʴʝʚʦʡ ʚʦʜʳ, ʪʘʢ ʠ ʜʣʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʆʜʥʘʢʦ ʚ ʵʪʠ ʨʝʢʠ ʧʦʩʪʦʷʥʥʦ 

ʩʙʨʘʩʳʚʘʶʪʩʷ ʧʨʦʤʳʰʣʝʥʥʳʝ ʦʪʭʦʜʳ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʆʭʯʫʯʘʝ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʚʳʩʦʢʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ (ʨʪʫʪʠ, ʮʠʥʢʘ, ʢʘʜʤʠʷ), ʯʪʦ ʩʝʨʴʝʟʥʦ ʧʦʚʨʝʜʠʣʦ ʬʣʦʨʫ ʠ 

ʬʘʫʥʫ ʨʝʢʠ [10]. 

ʇʦʯʚʳ ʨʝʛʠʦʥʘ ʚʳʩʦʢʦʧʨʦʜʫʢʪʠʚʥʳ. ʋʥʠʢʘʣʴʥʘʷ ʵʢʦʩʠʩʪʝʤʘ ɺʦʩʪʦʯʥʦʛʦ ɿʘʥʛʝʟʫʨʘ 

ʷʚʣʷʝʪʩʷ ʜʦʤʦʤ ʜʣʷ ʨʝʜʢʦʡ ʬʣʦʨʳ ʠ ʬʘʫʥʳ. ɿʜʝʩʴ ʦʙʠʪʘʶʪ ʢʘʚʢʘʟʩʢʠʡ ʣʝʦʧʘʨʜ, ʛʦʨʥʳʡ ʢʦʟʝʣ 

ʠ ʜʨʫʛʠʝ ʨʝʜʢʠʝ ʚʠʜʳ ʞʠʚʦʪʥʳʭ. ʆʜʥʘʢʦ ʥʝʟʘʢʦʥʥʘʷ ʦʭʦʪʘ ʠ ʨʘʟʨʫʰʝʥʠʝ ʵʢʦʩʠʩʪʝʤʳ ʧʨʠʚʝʣʠ 

ʢ ʩʦʢʨʘʱʝʥʠʶ ʯʠʩʣʝʥʥʦʩʪʠ ʵʪʠʭ ʚʠʜʦʚ. ɺʦʩʪʦʯʥʳʡ ɿʘʥʛʝʟʫʨʩʢʠʡ ʨʝʛʠʦʥ ʚʳʜʝʣʷʝʪʩʷ ʢʘʢ ʦʜʥʘ 

ʠʟ ʦʩʥʦʚʥʳʭ ʵʢʦʥʦʤʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʟʦʥ ɸʟʝʨʙʘʡʜʞʘʥʘ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ 

ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʝʪʠʢʠ. ɽʛʦ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʧʨʠʨʦʜʥʳʝ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʜʝʣʘʶʪ 

ʝʛʦ ʭʦʨʦʰʦ ʧʦʜʭʦʜʷʱʠʤ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʦʣʥʝʯʥʦʡ, ʚʝʪʨʦʚʦʡ, ʛʠʜʨʦʵʥʝʨʛʠʠ, ʙʠʦʤʘʩʩʳ ʠ 

ʛʝʦʪʝʨʤʘʣʴʥʦʡ ʵʥʝʨʛʠʠ. ʂʘʞʜʳʡ ʚʠʜ ʵʥʝʨʛʠʠ ʚʥʦʩʠʪ ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʨʝʛʠʦʥʘʣʴʥʳʡ 

ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʧʨʦʛʨʝʩʩ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ [11]. 

ɿʘʥʛʠʣʘʥʩʢʠʡ ʨʘʡʦʥ ʨʘʩʧʦʣʦʞʝʥ ʚ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ɸʟʝʨʙʘʡʜʞʘʥʘ ʠ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ 

ʨʘʡʦʥʦʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʣʴʝʬʘ ʠ 

ʛʝʦʛʨʘʬʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ ʨʘʡʦʥʘ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ, ʯʪʦ 

ʧʦʚʳʰʘʝʪ ʠʥʪʝʨʝʩ ʢ ʧʨʦʠʟʚʦʜʩʪʚʫ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ [12].  

ʉʦʣʥʝʯʥʘʷ ʨʘʜʠʘʮʠʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʜʥʷ, 

ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ ʠ ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʧʦʣʦʞʝʥʠʷ. ʉʨʝʜʥʝʛʦʜʦʚʦʝ ʟʥʘʯʝʥʠʝ ʩʦʣʥʝʯʥʦʡ 

ʨʘʜʠʘʮʠʠ ʜʣʷ ɿʘʥʛʠʣʘʥʩʢʦʛʦ ʨʘʡʦʥʘ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 1600 ʢɺʪĿʯ/ʤĮ ʜʦ 1800 ʢɺʪĿʯ/ʤĮ. ʕʪʦ 

ʧʦʢʘʟʘʪʝʣʴ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʠʜʝʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ [13]. 

ɿʘʥʛʠʣʘʥʩʢʠʡ ʨʘʡʦʥ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʩʦʣʥʝʯʥʳʭ ʜʥʝʡ, ʦʩʦʙʝʥʥʦ 

ʚʝʩʥʦʡ ʠ ʣʝʪʦʤ. ɺ ʨʘʡʦʥʝ 250-280 ʩʦʣʥʝʯʥʳʭ ʜʥʝʡ ʚ ʛʦʜʫ, ʯʪʦ ʦʯʝʥʴ ʙʣʘʛʦʧʨʠʷʪʥʦ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʝʡ. ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʦʣʥʝʯʥʳʭ ʜʥʝʡ ʷʚʣʷʝʪʩʷ 

ʦʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʬʘʢʪʦʨʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʦʩʪʦʷʥʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ. 

ʇʦʩʢʦʣʴʢʫ ɿʘʥʛʠʣʘʥʩʢʠʡ ʨʘʡʦʥ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʶʛʦ-ʟʘʧʘʜʝ, ʚʣʠʷʥʠʝ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʥʘ 

ʵʪʫ ʪʝʨʨʠʪʦʨʠʶ ʚʝʣʠʢʦ. ɹʣʠʟʦʩʪʴ ʢ ʵʢʚʘʪʦʨʫ ʫʩʠʣʠʚʘʝʪ ʠʥʪʝʥʩʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʩʦʣʥʮʘ 
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ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʛʦʜʘ. ɻʦʨʥʳʝ ʠ ʨʘʚʥʠʥʥʳʝ ʪʝʨʨʠʪʦʨʠʠ ʨʘʡʦʥʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʨʘʟʣʠʯʥʦʡ 

ʩʪʝʧʝʥʴʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ. ʈʘʚʥʠʥʥʳʝ ʫʯʘʩʪʢʠ ʙʦʣʝʝ ʧʦʜʭʦʜʷʪ ʜʣʷ 

ʫʩʪʘʥʦʚʢʠ ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʝʡ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʣʫʯʰʝʝ ʧʦʛʣʦʱʝʥʠʝ ʩʦʣʥʝʯʥʳʭ 

ʣʫʯʝʡ. ɻʦʜʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʚ ɿʘʥʛʠʣʘʥʩʢʦʤ ʨʘʡʦʥʝ ʨʘʟʣʠʯʥʦ ʚ ʨʘʟʥʳʝ 

ʩʝʟʦʥʳ. ʋʨʦʚʝʥʴ ʨʘʜʠʘʮʠʠ ʜʦʩʪʠʛʘʝʪ ʩʚʦʝʛʦ ʧʠʢʘ ʚ ʚʝʩʝʥʥʠʝ ʠ ʣʝʪʥʠʝ ʤʝʩʷʮʳ, ʢʦʛʜʘ ʩʦʣʥʝʯʥʳʝ 

ʧʘʥʝʣʠ ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʪʴ ʤʘʢʩʠʤʘʣʴʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʵʥʝʨʛʠʠ. ɿʠʤʦʡ ʠ ʦʩʝʥʴʶ ʢʦʣʠʯʝʩʪʚʦ 

ʨʘʜʠʘʮʠʠ ʫʤʝʥʴʰʘʝʪʩʷ, ʥʦ ʠ ʚ ʵʪʦʪ ʧʝʨʠʦʜ ʩʦʭʨʘʥʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʦʪʝʥʮʠʘʣ ʜʣʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ [13]. 

ʂʝʣʴʙʘʜʞʘʨʩʢʠʡ ʨʘʡʦʥ ʨʘʩʧʦʣʦʞʝʥ ʚ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ɸʟʝʨʙʘʡʜʞʘʥʘ, ʚ ʚʳʩʦʢʦʛʦʨʥʦʤ 

ʨʘʡʦʥʝ, ʠʤʝʶʱʝʤ ʚʘʞʥʦʝ ʩʪʨʘʪʝʛʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ. ʈʘʡʦʥ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʂʘʨʘʙʘʭʩʢʦʛʦ 

ʛʦʨʥʦʛʦ ʭʨʝʙʪʘ ʠ ʛʨʘʥʠʯʠʪ ʩ ʃʘʯʠʥʩʢʠʤ ʨʘʡʦʥʦʤ ʥʘ ʚʦʩʪʦʢʝ ʠ ɸʨʤʝʥʠʝʡ ʥʘ ʟʘʧʘʜʝ. ʆʙʱʘʷ 

ʧʣʦʱʘʜʴ ʨʘʡʦʥʘ ʩʦʩʪʘʚʣʷʝʪ 3054 ʢʤ2, ʩʨʝʜʥʷʷ ʚʳʩʦʪʘ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 1500 ʤ 

ʜʦ 2000 ʤ [14]. 

ɻʝʦʛʨʘʬʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ ʂʝʣʴʙʘʜʞʘʨʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʩʪʫʧ ʢ ʦʙʠʣʴʥʳʤ ʧʨʠʨʦʜʥʳʤ 

ʨʝʩʫʨʩʘʤ, ʚʢʣʶʯʘʷ ʚʦʜʥʳʝ ʟʘʧʘʩʳ. ʏʝʨʝʟ ʨʝʛʠʦʥ ʧʨʦʪʝʢʘʶʪ ʨʝʢʠ ʊʘʨʪʘʨ, ɹʘʟʘʨʯʘʡ ʠ ʠʭ 

ʧʨʠʪʦʢʠ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʙʦʛʘʪʳʭ ʚʦʜʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʨʘʡʦʥʦʚ ɸʟʝʨʙʘʡʜʞʘʥʘ. 

ʕʪʠ ʨʝʢʠ ʞʠʟʥʝʥʥʦ ʚʘʞʥʳ ʜʣʷ ʛʠʜʨʦʵʥʝʨʛʝʪʠʢʠ ʠ ʦʨʦʰʝʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʫʛʦʜʠʡ. 

ʈʘʡʦʥ ʪʘʢʞʝ ʠʟʚʝʩʪʝʥ ʩʚʦʠʤʠ ʤʠʥʝʨʘʣʴʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ, ʪʝʨʤʘʣʴʥʳʤʠ ʚʦʜʘʤʠ ʠ 

ʠʩʪʦʯʥʠʢʘʤʠ ʮʝʣʝʙʥʦʡ ʚʦʜʳ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʝʛʦ ʧʦʪʝʥʮʠʘʣʫ ʚ ʩʬʝʨʝ ʦʟʜʦʨʦʚʠʪʝʣʴʥʦʛʦ 

ʪʫʨʠʟʤʘ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ. ʂʝʣʴʙʘʜʞʘʨ ʠʤʝʝʪ ʤʷʛʢʠʡ ʛʦʨʥʳʡ ʢʣʠʤʘʪ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡʩʷ ʧʨʦʭʣʘʜʥʳʤ ʣʝʪʦʤ ʠ ʭʦʣʦʜʥʦʡ ʟʠʤʦʡ. ʉʨʝʜʥʝʛʦʜʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʢʦʣʝʙʣʝʪʩʷ ʦʪ 6 ʜʦ 10ÁC, ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤ ʩʥʝʞʥʳʤ ʧʦʢʨʦʚʦʤ ʚ ʟʠʤʥʠʝ ʤʝʩʷʮʳ. ɻʦʜʦʚʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 600 ʜʦ 800 ʤʣ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʚʦʜʥʳʝ ʟʘʧʘʩʳ ʨʘʡʦʥʘ ʠ 

ʧʦʜʜʝʨʞʠʚʘʝʪ ʢʨʫʛʣʦʛʦʜʠʯʥʳʡ ʨʝʯʥʦʡ ʩʪʦʢ. ɻʦʨʥʳʡ ʨʝʣʴʝʬ ʠʛʨʘʝʪ ʨʝʰʘʶʱʫʶ ʨʦʣʴ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʣʠʤʘʪʘ, ʩʦʟʜʘʚʘʷ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʢʘʢ ʜʣʷ ʧʨʦʝʢʪʦʚ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ 

ʵʥʝʨʛʝʪʠʢʠ, ʪʘʢ ʠ ʜʣʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ɻʫʙʘʜʣʳ ð ʩʪʨʘʪʝʛʠʯʝʩʢʠ ʚʘʞʥʳʡ ʨʘʡʦʥ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʚ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ 

ɸʟʝʨʙʘʡʜʞʘʥʘ. ʆʩʥʦʚʘʥʥʳʡ ʚ 1930 ʛ, ʦʥ ʟʘʥʠʤʘʝʪ ʧʣʦʱʘʜʴ 802 ʢʤ2. ʈʘʡʦʥ ʛʨʘʥʠʯʠʪ ʩ ʃʘʯʠʥʦʤ 

ʥʘ ʩʝʚʝʨʝ, ʍʦʜʞʘʚʝʥʜʦʤ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʝ, ɼʞʝʙʨʘʠʣʦʤ ʥʘ ʚʦʩʪʦʢʝ ʠ ɸʨʤʝʥʠʝʡ ʥʘ ʶʛʝ ʠ 

ʟʘʧʘʜʝ. ʊʝʨʨʠʪʦʨʠʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʛʦʨʠʩʪʘʷ, ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʶʞʥʦʡ ʯʘʩʪʠ ɿʘʥʛʝʟʫʨʩʢʦʛʦ 

ʛʦʨʥʦʛʦ ʭʨʝʙʪʘ. ʆʜʥʘ ʠʟ ʩʘʤʳʭ ʚʳʩʦʢʠʭ ʚʝʨʰʠʥ ʨʘʡʦʥʘ ð ʛʦʨʘ ɻʘʨʘʯʳʛ. ɺ ɻʫʙʘʜʣʳ 

ʧʨʝʦʙʣʘʜʘʝʪ ʫʤʝʨʝʥʥʦ ʪʝʧʣʳʡ ʛʦʨʥʦ-ʩʪʝʧʥʦʡ ʢʣʠʤʘʪ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡʩʷ ʞʘʨʢʠʤ ʠ ʩʫʭʠʤ 

ʣʝʪʦʤ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʷʛʢʦʡ ʟʠʤʦʡ. ʉʨʝʜʥʝʛʦʜʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 10 ʜʦ 12ÁC, ʘ 

ʛʦʜʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ ʩʦʩʪʘʚʣʷʝʪ 600-800 ʤʤ, ʚʳʧʘʜʘʶʱʠʭ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚʝʩʥʦʡ ʠ 

ʦʩʝʥʴʶ. ɺ ʛʦʨʥʳʭ ʨʘʡʦʥʘʭ ʚ ʟʠʤʥʠʝ ʤʝʩʷʮʳ ʦʙʨʘʟʫʝʪʩʷ ʩʥʝʞʥʳʡ ʧʦʢʨʦʚ, ʢʦʪʦʨʳʡ ʠʛʨʘʝʪ 

ʨʝʰʘʶʱʫʶ ʨʦʣʴ ʚ ʧʦʧʦʣʥʝʥʠʠ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʨʘʡʦʥʘ [8]. 

ɻʫʙʘʜʣʳ ʙʦʛʘʪʳ ʧʨʠʨʦʜʥʳʤʠ ʨʝʩʫʨʩʘʤʠ. ʇʨʠʤʝʨʥʦ 20-25% ʠʭ ʪʝʨʨʠʪʦʨʠʠ ʧʦʢʨʳʪʦ 

ʣʝʩʘʤʠ, ʩʦʩʪʦʷʱʠʤʠ ʠʟ ʜʫʙʘ, ʛʨʝʮʢʦʛʦ ʦʨʝʭʘ, ʚʷʟʘ ʠ ʜʨʫʛʠʭ ʮʝʥʥʳʭ ʚʠʜʦʚ ʜʝʨʝʚʴʝʚ. ɺ ʨʘʡʦʥʝ 

ʦʙʠʪʘʝʪ ʨʘʟʥʦʦʙʨʘʟʥʘʷ ʜʠʢʘʷ ʬʘʫʥʘ, ʚʢʣʶʯʘʷ ʦʣʝʥʝʡ, ʛʦʨʥʳʭ ʢʦʟʣʦʚ, ʤʝʜʚʝʜʝʡ, ʣʠʩ ʠ 

ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʧʪʠʮ. ʈʘʡʦʥ ʪʘʢʞʝ ʦʙʣʘʜʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʤ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʤ 

ʧʦʪʝʥʮʠʘʣʦʤ. ʇʣʦʜʦʨʦʜʥʳʝ ʨʘʚʥʠʥʳ ʧʨʠʛʦʜʥʳ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʢʫʣʴʪʫʨ, ʘ ʣʝʩʥʳʝ ʨʝʩʫʨʩʳ ʠ ʧʘʩʪʙʠʱʘ ʧʦʜʜʝʨʞʠʚʘʶʪ ʞʠʚʦʪʥʦʚʦʜʩʪʚʦ [15]. 

ɻʫʙʘʜʣʳ ʙʦʛʘʪʳ ʚʦʜʥʳʤʠ ʨʝʩʫʨʩʘʤʠ. ɻʣʘʚʥʳʤʠ ʨʝʢʘʤʠ, ʧʨʦʪʝʢʘʶʱʠʤʠ ʯʝʨʝʟ ʨʘʡʦʥ, 

ʷʚʣʷʶʪʩʷ ʨʝʢʠ ʍʘʢʘʨʠ ʠ ɹʘʨʛʫʰʘʜ, ʠʤʝʶʱʠʝ ʞʠʟʥʝʥʥʦ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʦʨʦʰʝʥʠʷ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʛʠʜʨʦʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ɺ ʨʘʡʦʥʝ ʪʘʢʞʝ 

ʠʤʝʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʠʩʪʦʯʥʠʢʦʚ ʠ ʧʨʝʩʥʦʡ ʚʦʜʳ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʠʪʴʝʚʦʡ ʚʦʜʦʡ ʠ 

ʧʦʜʜʝʨʞʠʚʘʶʪ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ [16]. 
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ɻʫʙʘʜʣʳ ʟʘʥʠʤʘʝʪ ʚʘʞʥʦʝ ʤʝʩʪʦ ʚ ʩʪʨʘʪʝʛʠʠ ɸʟʝʨʙʘʡʜʞʘʥʘ ʧʦ ʚʦʟʦʙʥʦʚʣʷʝʤʳʤ 

ʠʩʪʦʯʥʠʢʘʤ ʵʥʝʨʛʠʠ. ɽʛʦ ʛʝʦʛʨʘʬʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ ʠ ʧʨʠʨʦʜʥʳʝ ʫʩʣʦʚʠʷ ʩʦʟʜʘʶʪ 

ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʨʘʟʚʠʪʠʷ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ, ʚʢʣʶʯʘʷ 

ʩʦʣʥʝʯʥʫʶ, ʚʝʪʨʦʚʫʶ, ʛʠʜʨʦ- ʠ ʙʠʦʤʘʩʩʫ. ʉʦʣʥʝʯʥʘʷ ʵʥʝʨʛʠʷ ð ʩ 2500-2800 ʯ ʩʦʣʥʝʯʥʦʛʦ ʩʚʝʪʘ 

ʚ ʛʦʜ ɻʫʙʘʜʣʳ ʭʦʨʦʰʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʧʨʦʝʢʪʦʚ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʝʪʠʢʠ. ɺʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤ 

ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʤʦʞʝʪ ʚʥʝʩʪʠ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʨʝʛʠʦʥʘ. 

ɺʝʪʨʦʚʘʷ ʵʥʝʨʛʠʷ ð ʛʦʨʥʳʡ ʨʝʣʴʝʬ ʠ ʯʘʩʪʳʝ ʚʝʪʨʳ ʜʝʣʘʶʪ ʨʘʡʦʥ ʠʜʝʘʣʴʥʳʤ ʜʣʷ 

ʚʳʨʘʙʦʪʢʠ ʚʝʪʨʦʚʦʡ ʵʥʝʨʛʠʠ. ɺʝʪʨʷʥʳʝ ʪʫʨʙʠʥʳ ʤʦʛʫʪ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʳ ʚ ʚʳʩʦʢʦʛʦʨʥʳʭ 

ʨʘʡʦʥʘʭ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʯʠʩʪʦʡ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʠʠ. 

ɻʠʜʨʦʵʥʝʨʛʝʪʠʢʘ ð ʩʪʘʙʠʣʴʥʦʝ ʪʝʯʝʥʠʝ ʨʝʢ ʍʘʢʘʨʠ ʠ ɹʘʨʛʫʰʘʜ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʦʪʣʠʯʥʫʶ 

ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʤʘʣʳʭ ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʙʳ ʫʣʫʯʰʠʪʴ 

ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʨʘʡʦʥʘ. 

ɹʠʦʤʘʩʩʘ ï ʣʝʩʥʳʝ ʨʝʩʫʨʩʳ, ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʦʪʭʦʜʳ ʠ ʦʨʛʘʥʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʚ 

ɻʫʙʘʜʣʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʠʦʵʥʝʨʛʠʠ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʥʝ ʪʦʣʴʢʦ 

ʧʨʝʜʣʘʛʘʝʪ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʠʩʪʦʯʥʠʢ ʵʥʝʨʛʠʠ, ʥʦ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʵʬʬʝʢʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ 

ʦʪʭʦʜʘʤʠ. 

ɻʫʙʘʜʣʳ ï ɻʪʦ ʥʝ ʪʦʣʴʢʦ ʨʘʡʦʥ ʧʨʠʨʦʜʥʦʛʦ ʠ ʠʩʪʦʨʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ, ʥʦ ʠ ʩʪʨʘʪʝʛʠʯʝʩʢʠ 

ʚʘʞʥʘʷ ʪʝʨʨʠʪʦʨʠʷ. ʆʩʚʦʙʦʞʜʝʥʥʳʡ ʦʪ ʦʢʢʫʧʘʮʠʠ, ʨʘʡʦʥ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʭʦʜʠʪ 

ʤʘʩʰʪʘʙʥʫʶ ʨʝʢʦʥʩʪʨʫʢʮʠʶ ʠ ʧʝʨʝʧʣʘʥʠʨʦʚʢʫ. ɿʥʘʯʠʪʝʣʴʥʳʝ ʠʥʚʝʩʪʠʮʠʠ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʚ 

ʩʦʚʨʝʤʝʥʥʳʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʝ ʧʨʦʝʢʪʳ, ʨʘʟʚʠʪʠʝ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʝʪʠʢʠ ʠ ʦʭʨʘʥʫ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ [17]. 

ʆʞʠʜʘʝʪʩʷ, ʯʪʦ ʛʝʦʛʨʘʬʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ ʨʘʡʦʥʘ, ʦʙʠʣʠʝ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠ 

ʧʦʪʝʥʮʠʘʣ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʝʪʠʢʠ ʚʥʝʩʫʪ ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʨʦʩʪ ʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ɸʟʝʨʙʘʡʜʞʘʥʘ. ʇʨʦʜʦʣʞʘʶʱʠʝʩʷ ʨʘʙʦʪʳ ʧʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ 

ʧʨʝʚʨʘʪʷʪ ɻʫʙʘʜʣʳ ʚ ʧʨʦʮʚʝʪʘʶʱʠʡ ʨʘʡʦʥ, ʦʙʝʩʧʝʯʠʚ ʝʛʦ ʠʥʪʝʛʨʘʮʠʶ ʚ ʙʦʣʝʝ ʰʠʨʦʢʫʶ 

ʩʪʨʫʢʪʫʨʫ ʨʘʟʚʠʪʠʷ ʩʪʨʘʥʳ [17]. 

 

ʄʘʪʝʨʠʘʣ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʆʙʱʘʷ ʧʣʦʱʘʜʴ ɺʦʩʪʦʯʥʦ-ɿʘʥʛʝʟʫʨʩʢʦʛʦ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʡʦʥʘ ʩʦʩʪʘʚʣʷʝʪ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 7748 ʢʤ2. ɼʣʷ ʨʘʩʯʝʪʘ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ 

ʥʘ 20 ʤʘʨʪʘ 2024 ʛʦʜʘ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʯʠʪʘʪʴ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ: ʩʢʣʦʥʝʥʠʝ (ŭ), ʫʛʣʳ 

ʧʘʜʝʥʠʷ ʩʦʣʥʝʯʥʳʭ ʣʫʯʝʡ ʠ ʜʨʫʛʠʝ ʬʘʢʪʦʨʳ.  

1. ɺʳʯʠʩʣʝʥʠʝ ʫʛʦʣʘ ʩʦʣʥʝʯʥʦʛʦ ʩʢʣʦʥʝʥʠʷ (ŭ) 20 ʤʘʨʪʘ 2024 ʛ [18]: ʫʛʦʣ ʩʦʣʥʝʯʥʦʛʦ 

ʩʢʣʦʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʛʦʣ, ʧʦʜ ʢʦʪʦʨʳʤ ʩʦʣʥʝʯʥʳʝ ʣʫʯʠ ʧʘʜʘʶʪ ʥʘ ɿʝʤʣʶ, ʠʟʤʝʥʷʷʩʴ 

ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʣʦʞʝʥʠʷ ɿʝʤʣʠ ʥʘ ʝʝ ʦʨʙʠʪʝ. ɼʣʷ ʨʘʩʯʝʪʘ ʫʛʣʘ ʩʦʣʥʝʯʥʦʛʦ 

ʩʢʣʦʥʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʬʦʨʤʫʣʘ [19]: 
 

‏ ςσȢττЈÓÉÎ
σφπЈ

σφυ
ὔ ρπ  

(1) 

 

ʛʜʝ N ð ʜʝʥʴ ʛʦʜʘ. ɼʣʷ 20 ʤʘʨʪʘ N = 79, ʪʘʢ ʢʘʢ ʵʪʦ 79 ʜʝʥʴ ʛʦʜʘ, 23,44Á ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʤʘʢʩʠʤʘʣʴʥʳʡ ʥʘʢʣʦʥ ɿʝʤʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʦʩʢʦʩʪʠ ʝʝ ʦʨʙʠʪʳ. 

2. ʈʘʩʯʝʪ ʩʦʣʥʝʯʥʦʛʦ ʯʘʩʦʚʦʛʦ ʫʛʣʘ (H): ʩʦʣʥʝʯʥʳʡ ʯʘʩʦʚʦʡ ʫʛʦʣ H ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʧʦʣʦʞʝʥʠʝ ʉʦʣʥʮʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʘʜʘʥʥʦʛʦ ʤʝʨʠʜʠʘʥʘ ʚ ʦʧʨʝʜʝʣʝʥʥʦʝ ʚʨʝʤʷ ʩʫʪʦʢ. ʌʦʨʤʫʣʘ 

2 ʜʣʷ ʨʘʩʯʝʪʘ ʯʘʩʦʚʦʛʦ ʫʛʣʘ [20]: 
 

Ὄ ρυЈὝ ρς (2) 
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ʛʜʝ T ð ʚʨʝʤʷ ʩʫʪʦʢ ʚ ʯʘʩʘʭ. 

3. ʈʘʩʯʝʪ ʟʝʥʠʪʥʦʛʦ ʫʛʣʘ (ɗ): ʩʦʣʥʝʯʥʳʡ ʯʘʩʦʚʦʡ ʫʛʦʣ ɿʝʥʠʪʥʳʡ ʫʛʦʣ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʫʛʦʣ ʤʝʞʜʫ ʩʦʣʥʮʝʤ ʠ ʪʦʯʢʦʡ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʧʨʷʤʦ ʥʘʜ ʛʦʣʦʚʦʡ (ʟʝʥʠʪʦʤ). ɼʣʷ ʨʘʩʯʝʪʘ 

ʟʝʥʠʪʥʦʛʦ ʫʛʣʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʦʨʤʫʣʘ 3 [21]: 
 

— ÁÒÃÃÏÓ ÓÉÎ • ÓÉÎ‏ ÃÏÓ • ÃÏÓ ‏ ÃÏÓ Ὄ  (3) 
 

ʛʜʝ ◖ ð ʛʝʦʛʨʘʬʠʯʝʩʢʘʷ ʰʠʨʦʪʘ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ, ŭ ð ʫʛʦʣ ʩʦʣʥʝʯʥʦʛʦ ʩʢʣʦʥʝʥʠʷ, H ð 

ʩʦʣʥʝʯʥʳʡ ʯʘʩʦʚʦʡ ʫʛʦʣ, ʨʘʚʥʳʡ 0Á. 

4. ʈʘʩʯʝʪ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ (Ed): ʩʦʣʥʝʯʥʘʷ ʨʘʜʠʘʮʠʷ ð ɻ ʪʦ ʢʦʣʠʯʝʩʪʚʦ ʵʥʝʨʛʠʠ, 

ʧʦʣʫʯʘʝʤʦʡ ʦʪ ʉʦʣʥʮʘ ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ. ɼʣʷ ʨʘʩʯʝʪʘ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʤʳ ʠʩʧʦʣʴʟʫʝʤ 

ʙʘʟʦʚʦʝ ʟʥʘʯʝʥʠʝ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ G  = 1361 ɺʪ/ʤĮ ʠ ʟʝʥʠʪʥʳʡ ʫʛʦʣ ɗ, ʢʦʪʦʨʳʡ ʤʳ ʪʦʣʴʢʦ 

ʯʪʦ ʨʘʩʩʯʠʪʘʣʠ. ʌʦʨʤʫʣʘ 4 ʜʣʷ ʨʘʩʯʝʪʘ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ [22]: 
 

ὉὨ Ὃ ὧέί— (4) 
 

ʛʜʝ G  ð ʙʘʟʦʚʦʝ ʟʥʘʯʝʥʠʝ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ, ɗ ð ʟʝʥʠʪʥʳʡ ʫʛʦʣ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ɿʘʥʛʠʣʘʥʩʢʠʡ ʨʘʡʦʥ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʦʣʥʝʯʥʦʡ 

ʵʥʝʨʛʠʠ. ʆʙʰʠʨʥʳʝ ʨʘʚʥʠʥʳ ʨʘʡʦʥʘ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʠʜʝʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

ʩʦʣʥʝʯʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ. ɺ ʯʘʩʪʥʦʩʪʠ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʜʣʷ 

ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦʪʨʝʙʥʦʩʪʝʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʩʝʢʪʦʨʦʚ ɿʘʥʛʠʣʘʥʘ. ʋʩʪʘʥʦʚʢʘ ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʝʡ ʧʦʤʦʞʝʪ ʟʘʱʠʪʠʪʴ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, 

ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʵʥʝʨʛʠʶ ʠ ʦʙʝʩʧʝʯʠʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʥʝʟʘʚʠʩʠʤʦʩʪʴ [23, 24]. 

ʀʩʧʦʣʴʟʫʷ ʬʦʨʤʫʣʫ (1) ʜʣʷ 20 ʤʘʨʪʘ 2024 ʛ. ʤʳ ʚʳʯʠʩʣʠʣʠ ʫʛʦʣ ʩʦʣʥʝʯʥʦʛʦ ʩʢʣʦʥʝʥʠʷ 

ʜʣʷ ɿʘʥʛʝʣʘʥʩʢʦʛʦ ʨʘʡʦʥʘ: 
 

‏ ςσȢττЈÓÉÎ
σφπЈ

σφυ
χω ρπ  

‏ ςσȢττЈÓÉÎψχȢφЈ 

‏ ςσȢττЈπȢωωψςσȢστЈ 
 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʛʦʣ ʩʦʣʥʝʯʥʦʛʦ ʩʢʣʦʥʝʥʠʷ 20 ʤʘʨʪʘ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 23,34Á. 

ɼʣʷ ʨʘʩʯʝʪʘ ʩʦʣʥʝʯʥʦʛʦ ʯʘʩʦʚʦʛʦ ʫʛʣʘ ʜʣʷ ɿʘʥʛʝʣʘʥʘ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ T=12, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ 12:00. 
 

Ὄ ρυЈρςρς πЈ 
 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ 12:00 ʯʘʩʦʚʦʡ ʫʛʦʣ ʚ ɿʘʥʛʠʣʘʥʝ ʨʘʚʝʥ 0Á. ɼʣʷ ʨʘʩʯʝʪʘ ʟʝʥʠʪʥʦʛʦ ʫʛʣʘ 

ʜʣʷ ɿʘʥʛʝʣʘʥʩʢʦʛʦ ʨʘʡʦʥʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʬʦʨʤʫʣʘ 3. ɻʜʝ: ◖ ð ʛʝʦʛʨʘʬʠʯʝʩʢʘʷ ʰʠʨʦʪʘ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ  ʜʣʷ ɿʘʥʛʠʣʘʥʘ ʩʦʩʪʘʚʣʷʝʪ 39,4Á, ŭ ð ʫʛʦʣ ʩʦʣʥʝʯʥʦʛʦ ʩʢʣʦʥʝʥʠʷ, ʢʦʪʦʨʳʡ ʤʳ 

ʨʘʩʩʯʠʪʘʣʠ ʢʘʢ 23,34Á. ʇʦʜʩʪʘʚʣʷʷ ʵʪʠ ʜʘʥʥʳʝ ʚ ʬʦʨʤʫʣʫ 3, ʤʳ ʧʦʣʫʯʠʣʠ ʥʠʞʝʩʣʝʜʫʶʱʠʡ 

ʨʝʟʫʣʴʪʘʪ: 
 

— ÁÒÃÃÏÓ ÓÉÎ σωȢτЈ ÓÉÎςσȢστЈÃÏÓ σωȢτЈ ÃÏÓ ςσȢστЈÃÏÓ πЈ ρφȢςЈ 
 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʝʥʠʪʥʳʡ ʫʛʦʣ 20 ʤʘʨʪʘ 2024 ʛ. ʚ 12:00 ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 16.2Á. 

ʈʘʩʯʝʪ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʧʨʦʚʦʜʠʣʩʷ ʧʦ ʬʦʨʤʫʣʝ 4: 
 

Ed = 1361 Ĭ 0,961 = 1309,5 ɺʪ/ʤĮ 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʣʥʝʯʥʘʷ ʨʘʜʠʘʮʠʷ ʚ ɿʘʥʛʠʣʘʥʝ 20 ʤʘʨʪʘ ʚ 12:00 ʩʦʩʪʘʚʣʷʝʪ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 1309,5 ɺʪ/ʤĮ (ʈʠʩʫʥʦʢ 1). 

 

 
ʈʠʩʫʥʦʢ 1. ʉʦʣʥʝʯʥʘʷ ʨʘʜʠʘʮʠʷ ʚ ɿʘʥʛʠʣʘʥʝ (20 ʤʘʨʪʘ 2024 ʛ.) 

 

ʂʝʣʴʙʘʜʞʘʨʩʢʠʡ ʨʘʡʦʥ. ɺʦʟʦʙʥʦʚʣʷʝʤʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ ʚ ʂʝʣʴʙʘʜʞʘʨʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʦʣʛʦʩʨʦʯʥʦʡ ʩʪʨʘʪʝʛʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ɸʟʝʨʙʘʡʜʞʘʥʘ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʛʠʜʨʦʵʥʝʨʛʠʠ, ʩʦʣʥʝʯʥʦʡ, ʚʝʪʨʦʚʦʡ ʠ ʙʠʦʤʘʩʩʳ ʤʦʞʝʪ ʧʦʤʦʯʴ ʩʥʠʟʠʪʴ 

ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʠʩʢʦʧʘʝʤʦʛʦ ʪʦʧʣʠʚʘ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦʚʳʰʘʷ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʨʝʛʠʦʥʘ. ʈʘʟʚʠʪʠʝ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʝʪʠʢʠ ʪʘʢʞʝ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʩʪʠʤʫʣʠʨʦʚʘʥʠʠ 

ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʦʩʪʘ ʠ ʩʦʟʜʘʥʠʠ ʨʘʙʦʯʠʭ ʤʝʩʪ ʚ ʨʝʛʠʦʥʝ.  

ɸʥʘʣʠʟ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʚ ʂʝʣʴʙʘʜʞʘʨʝ 20 ʤʘʨʪʘ 2024 ʛ. ɼʣʷ ʘʥʘʣʠʟʘ ʠʩʧʦʣʴʟʫʝʤ 

ʘʥʘʣʦʛʠʯʥʳʝ ʰʘʛʠ, ʯʪʦ ʠ ʜʣʷ ɿʘʥʛʠʣʘʥʘ, ʢʦʨʨʝʢʪʠʨʫʷ ʨʘʩʯʝʪʳ ʩ ʫʯʝʪʦʤ ʰʠʨʦʪʳ ʂʝʣʴʙʘʜʞʘʨʘ. 

ɻʝʦʛʨʘʬʠʯʝʩʢʘʷ ʰʠʨʦʪʘ ʂʝʣʴʙʘʜʞʘʨʘ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 40,1Á. ʋʛʦʣ ʩʦʣʥʝʯʥʦʛʦ 

ʩʢʣʦʥʝʥʠʷ ʜʣʷ ʂʝʣʴʙʘʜʞʘʨʩʢʦʛʦ ʨʘʡʦʥʘ ʥʘ 20 ʤʘʨʪʘ: 
 

‏ ςσȢττЈÓÉÎ
σφπЈ

σφυ
χω ρπ π 

 

ʇʦʜʩʪʘʚʣʷʷ ʚ ʬʦʨʤʫʣʫ: ‏ ςσȢττЈπȢωωψςσȢστЈ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʛʦʣ ʩʦʣʥʝʯʥʦʛʦ ʩʢʣʦʥʝʥʠʷ ʚ ʂʝʣʴʙʘʜʞʘʨʝ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 

23,34Á. ʉʦʣʥʝʯʥʳʡ ʯʘʩʦʚʦʡ ʫʛʦʣ ʚ 12:00 ʯʘʩʦʚʦʡ ʫʛʦʣ ʚ ʂʝʣʴʙʘʜʞʘʨʝ ʨʘʚʝʥ 0Á: 
 

Ὄ ρυЈρςρς πЈ 
 

ʀʩʧʦʣʴʟʫʷ ʬʦʨʤʫʣʫ 3 ʚʳʯʠʩʣʷʝʤ ʟʝʥʠʪʥʳʡ ʫʛʦʣʴ ʜʣʷ ʂʝʣʴʙʘʜʞʘʨʩʢʦʛʦ ʨʘʡʦʥʘ: 
 

— ÁÒÃÃÏÓ ÓÉÎ τπȢρЈ ÓÉÎςσȢστЈÃÏÓ τπȢρЈ ÃÏÓ ςσȢστЈÃÏÓ πЈ ρχȢσЈ 
 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʝʥʠʪʥʳʡ ʫʛʦʣ ʜʣʷ ʂʝʣʴʙʘʜʞʘʨʩʢʦʛʦ ʨʘʡʦʥʘ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 

17,3Á ʚ 12:00. ʉʦʣʥʝʯʥʘʷ ʨʘʜʠʘʮʠʷ ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʘʟʦʚʦʡ ʩʦʣʥʝʯʥʦʡ 

ʧʦʩʪʦʷʥʥʦʡ  G  = 1361 ɺʪ/ʤĮ ʠ ʟʝʥʠʪʥʦʛʦ ʫʛʣʘ: 
 

ὉὨ ρσφρÃÏÓρχȢσЈ 

ὉὨ ρσφρπȢωυυρςωωȢς  ɺʪ/ʤĮ 
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ʆʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʩʦʣʥʝʯʥʘʷ ʨʘʜʠʘʮʠʷ ʚ ʂʘʣʴʙʘʜʞʘʨʝ 20 ʤʘʨʪʘ ʚ 12:00 ʩʦʩʪʘʚʣʷʝʪ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 1299,2 ɺʪ/ʤĮ. 

ɻʫʙʘʜʣʠʥʩʢʠʡ ʨʘʡʦʥ. ʇʨʦʚʦʜʠʣʩʷ ʨʘʩʯʝʪ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʟʝʥʠʪʥʦʛʦ ʫʛʣʘ ʜʣʷ 

ɻʫʙʘʜʣʳ 20 ʤʘʨʪʘ 2024 ʛ. (ʊʘʙʣʠʮʘ, ʈʠʩʫʥʦʢ 2). 
 

ʊʘʙʣʠʮʘ  

ʇʆʏɸʉʆɺʓɽ ʈɽɿʋʃʔʊɸʊʓ ʇʆ ɻʋɹɸɼʃʀʅʉʂʆʄʋ ʈɸʁʆʅʋ (20 ʤʘʨʪʘ 2024 ʛ.) 
 

ɺʨʝʤʷ, ʯ ʏʘʩʦʚʦʡ ʫʛʦʣ, H ɿʝʥʠʪʥʳʡ ʫʛʦʣ, ɗ ʉʦʣʥʝʯʥʦʝ ʠʟʣʫʯʝʥʠʝ, Ed, ɺʪ/ʤĮ 

6:00 ī90Ј 108.05Ј 0 

9:00 ī45Ј 70.39Ј 465.36 

12:00 0Ј 39.2Ј 1057.40 

15:00 45Ј 70.39Ј 465.36 

18:00 90Ј 108.05Ј 0 

 

ʐʠʨʦʪʘ (◖): 39,2Á (ʧʨʠʙʣʠʟʠʪʝʣʴʥʘʷ ʛʝʦʛʨʘʬʠʯʝʩʢʘʷ ʰʠʨʦʪʘ ʨʝʛʠʦʥʘ ɻʫʙʘʜʣʳ). 

ʉʦʣʥʝʯʥʦʝ ʩʢʣʦʥʝʥʠʝ (ŭ): 0Á (ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʝʩʝʥʥʝʤʫ ʨʘʚʥʦʜʝʥʩʪʚʠʶ). ʉʦʣʥʝʯʥʘʷ ʧʦʩʪʦʷʥʥʘʷ 

(G0): 1361 ɺʪ/ʤĮ (ʩʨʝʜʥʷʷ ʩʦʣʥʝʯʥʘʷ ʵʥʝʨʛʠʷ, ʜʦʩʪʠʛʘʶʱʘʷ ɿʝʤʣʠ). ʏʘʩʦʚʳʝ ʫʛʣʳ (H): ʆʥʠ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʧʦʣʦʞʝʥʠʝ ʉʦʣʥʮʘ ʚ ʨʘʟʥʦʝ ʚʨʝʤʷ ʩʫʪʦʢ. ɺ 6:00 ʠ 18:00 ʩʦʣʥʮʝ ʥʘʭʦʜʠʪʩʷ ʚ 

ʥʠʟʢʦʡ ʪʦʯʢʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʟʝʥʠʪʥʦʤʫ ʫʛʣʫ, ʧʨʝʚʳʰʘʶʱʝʤʫ 90Á. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʷʤʦʝ 

ʩʦʣʥʝʯʥʦʝ ʠʟʣʫʯʝʥʠʝ ʥʝ ʜʦʩʪʠʛʘʝʪ ʧʦʚʝʨʭʥʦʩʪʠ. ɺ 12:00 ʩʦʣʥʮʝ ʥʘʭʦʜʠʪʩʷ ʚ ʩʚʦʝʡ ʥʘʠʚʳʩʰʝʡ 

ʪʦʯʢʝ ʩ ʟʝʥʠʪʥʳʤ ʫʛʣʦʤ 39,2Á. ʇʠʢ ʠʟʣʫʯʝʥʠʷ 1057,40 ɺʪ/ʤĮ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʧʦʣʜʝʥʴ. ɿʥʘʯʝʥʠʷ 

ʠʟʣʫʯʝʥʠʷ ʫʪʨʦʤ ʠ ʚʝʯʝʨʦʤ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ ʠʟ-ʟʘ ʙʦʣʴʰʝʛʦ ʟʝʥʠʪʥʦʛʦ ʫʛʣʘ. 

 

 
 

ʈʠʩʫʥʦʢ 2. ʉʦʣʥʝʯʥʘʷ ʨʘʜʠʘʮʠʷ ʚ ɻʫʙʘʜʣʳ (20 ʤʘʨʪʘ 2024 ʛ.) 

 

ɸʥʘʣʠʟ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʠ ʧʨʝʜʣʘʛʘʝʤʳʭ ʫʩʪʘʥʦʚʦʢ ɺʦʩʪʦʯʥʦ-ɿʘʥʛʝʟʫʨʩʢʦʛʦ  

ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʡʦʥʘ. ɻʫʙʘʜʣʳ, ɿʘʥʛʠʣʘʥ ʠ ʂʝʣʴʙʘʜʞʘʨ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ɸʟʝʨʙʘʡʜʞʘʥʝ, 

ʷʚʣʷʶʪʩʷ ʠʜʝʘʣʴʥʳʤʠ ʨʝʛʠʦʥʘʤʠ ʜʣʷ ʨʘʟʚʠʪʠʷ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʤʫ 

ʛʝʦʛʨʘʬʠʯʝʩʢʦʤʫ ʧʦʣʦʞʝʥʠʶ, ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ ʠ ʧʦʪʝʥʮʠʘʣʫ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ. 

ʕʪʠ ʨʘʡʦʥʳ ʧʦʣʫʯʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʦʣʥʝʯʥʦʛʦ ʩʚʝʪʘ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʛʦʜʘ, ʯʪʦ 

ʜʝʣʘʝʪ ʠʭ ʧʦʜʭʦʜʷʱʠʤʠ ʜʣʷ ʧʨʦʝʢʪʦʚ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʝʪʠʢʠ, ʪʘʢʠʭ ʢʘʢ ʫʩʪʘʥʦʚʢʘ 

ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʝʡ. ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥ ʘʥʘʣʠʟ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʠ ʧʨʝʜʣʘʛʘʝʤʳʭ 
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ʫʩʪʘʥʦʚʦʢ. ɼʣʷ ʦʮʝʥʢʠ ʚʳʨʘʙʦʪʢʠ ʵʥʝʨʛʠʠ ʤʳ ʧʨʝʜʧʦʣʘʛʘʝʤ ʫʩʪʘʥʦʚʢʫ ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʝʡ 

ʧʣʦʱʘʜʴʶ 1 ʛʘ (10 000 ʤ2) ʩ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ (ɖ) 18%. ʀʩʧʦʣʴʟʫʝʪʩʷ ʬʦʨʤʫʣʘ 5 [25]: 
 

ὖ Ὁ ὃ – (5) 
 

ʛʜʝ, P - ʚʳʭʦʜʥʘʷ ʤʦʱʥʦʩʪʴ (ɺʪ); Ed - ʩʦʣʥʝʯʥʦʝ ʠʟʣʫʯʝʥʠʝ (ɺʪ/ʤ2); A - ʧʣʦʱʘʜʴ ʧʘʥʝʣʠ 

(ʤ2); ɖ - ʂʇɼ ʧʘʥʝʣʠ. ɻʦʜʦʚʘʷ ʚʳʨʘʙʦʪʢʘ ʵʥʝʨʛʠʠ ʦʮʝʥʠʚʘʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʦʨʤʫʣʳ 6 

[26]: 
 

 Ὁ̄ ̏̅ὖ ː̏̅̏̃̏̆ ̘̋̏̌̉̆̒̓̃̏ ̘̜̖̒̏̌̎̆̎ ̘́̒̏̃ (6) 
 

ʇʨʝʜʧʦʣʘʛʘʷ 2000 ʩʦʣʥʝʯʥʳʭ ʯʘʩʦʚ ʚ ʛʦʜ, ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʥʠʞʝ. 

ʈʘʩʯʝʪʳ ʧʦʪʝʥʮʠʘʣʘ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ [26]: 

ʘ. ʂʝʣʴʙʘʜʞʘʨ ὖ ρςωωȢςẗρπȟπππẗπȢρψ ςȟσσψȟυφπ ὡ ςȢστ ̇ˏ ̓

Ὁ̄ ̏ ̅ςȢστẗςπππτφψπ ̇ˏȾ̓̄ ̏̅ 

ʙ. ɿʘʥʛʠʣʘʥ ὖ ρσπωȢυẗρπȟπππẗπȢρψ ςȟσυχȟρππ ὡ ςȢσφ ̇ˏ ̓

Ὁ̄ ̏ ς̅Ȣσφẗςπππτχςπ ̇ˏȾ̓̄ ̏̅ 

ʚ. ɻʫʙʘʜʣʳ ὖ ρπυχȢτẗρπȟπππẗπȢρψ ρȟωπσȟσςπ ὡ ρȢωπ ̇ˏ ̓

Ὁ̄ ̏ ρ̅ȢωπẗςπππσψπφȢφ ̇ˏȾ̓̄ ̏̅ 

 

 
 

ʈʠʩʫʥʦʢ 3. ʇʦʪʝʥʮʠʘʣ ʛʦʜʦʚʦʡ ʚʳʨʘʙʦʪʢʠ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʚ ɺʦʩʪʦʯʥʦ-ɿʘʥʛʝʟʫʨʩʢʦʤ  

ʵʢʦʥʦʤʠʯʝʩʢʦʤ ʨʘʡʦʥʝ 

 

ɺʦʩʪʦʯʥʦ-ɿʘʥʛʝʟʫʨʩʢʠʡ  ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʨʘʡʦʥ ʦʙʣʘʜʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʜʣʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ, ʩ ʧʨʝʜʧʦʣʘʛʘʝʤʦʡ ʩʫʤʤʘʨʥʦʡ ʛʦʜʦʚʦʡ ʚʳʨʘʙʦʪʢʦʡ ʦʢʦʣʦ 13 

206,6 ʄɺʪ/ʛʦʜ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʦʡ ʵʥʝʨʛʠʠ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʜʦʩʪʠʞʝʥʠʶ ʮʝʣʝʡ 

ɸʟʝʨʙʘʡʜʞʘʥʘ ʚ ʦʙʣʘʩʪʠ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʝʪʠʢʠ ʠ ʚʥʝʩʝʪ ʚʢʣʘʜ ʚ ʫʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ 

ʵʪʠʭ ʨʝʛʠʦʥʦʚ. ɺ ʟʘʢʣʶʯʝʥʠʠ, ʨʝʩʫʨʩʥʘʷ ʦʙʝʩʧʝʯʝʥʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʦʡ ʜʚʠʞʫʱʝʡ ʩʠʣʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʚʠʪʠʷ ʨʝʛʠʦʥʦʚ ʠ ʩʪʨʘʥʳ ʚ ʮʝʣʦʤ. ʆʩʦʙʝʥʥʦ ʩ ʫʯʝʪʦʤ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʨʘʟʚʠʪʠʷ ʨʘʟʣʠʯʥʳʭ ʨʝʩʫʨʩʦʚ ʨʝʛʠʦʥʦʚ, ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʦʚʦʜʠʪʴ ʫʛʣʫʙʣʝʥʥʳʡ ʘʥʘʣʠʟ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʪʘʢʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʢʘʢ ʧʦʣʠʪʠʢʘ ʠ ʛʝʦʛʨʘʬʠʷ 

[27]. 
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ɿʘʢʣʶʯʝʥʠʝ 

ɸʜʤʠʥʠʩʪʨʘʪʠʚʥʳʝ ʨʘʡʦʥʳ ɿʘʥʛʠʣʘʥ, ʂʝʣʴʙʘʜʞʘʨ ʠ ɻʫʙʘʜʣʠ, ʚʭʦʜʷʱʠʝ ʚ ɺʦʩʪʦʯʥʦ-

ɿʘʥʛʝʟʫʨʩʢʠʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʨʘʡʦʥ ʦʙʣʘʜʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʝʘʣʠʟʘʮʠʠ ʩʪʨʘʪʝʛʠʠ ɸʟʝʨʙʘʡʜʞʘʥʘ ʚ 

ʦʙʣʘʩʪʠ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʝʪʠʢʠ. ʈʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʟʘ 20 ʤʘʨʪʘ 2024 ʛ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʝʩʝʥʥʝʤʫ ʨʘʚʥʦʜʝʥʩʪʚʠʶ. ʅʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʛʦʜʦʚʘʷ ʚʳʨʘʙʦʪʢʘ ʵʥʝʨʛʠʠ ʩ 1 ʛʘ (10 000 ʤĮ) ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʝʡ ʚ ʵʪʠʭ ʨʘʡʦʥʘʭ ʩʦʩʪʘʚʣʷʝʪ 

ʚ ʦʙʱʝʡ ʩʣʦʞʥʦʩʪʠ 13 206,6 ʄɺʪ. ɺ ɿʘʥʛʠʣʘʥʝ (4720 ʄɺʪ/ʛʦʜ) ʠ ʂʝʣʴʙʘʜʞʘʨʝ (4680 ʄɺʪ/ʛʦʜ) 

ʥʘʙʣʶʜʘʶʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʫʨʦʚʥʠ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʤʦʱʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʥʝʨʛʠʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʚ ʵʪʠʭ ʨʘʡʦʥʘʭ 

ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʪ ʚʳʙʨʦʩʳ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ, ʩʧʦʩʦʙʩʪʚʫʷ ʦʭʨʘʥʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ 

ʜʦʩʪʠʞʝʥʠʶ ʮʝʣʝʡ ʚ ʦʙʣʘʩʪʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ. ʂʨʦʤʝ 

ʪʦʛʦ, ʵʪʘ ʪʝʭʥʦʣʦʛʠʷ ʩʥʠʟʠʪ ʟʘʪʨʘʪʳ ʥʘ ʵʥʝʨʛʠʶ ʠ ʙʫʜʝʪ ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʵʢʦʥʦʤʠʯʝʩʢʦʝ 

ʨʘʟʚʠʪʠʝ ʨʝʛʠʦʥʘ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʜʯʝʨʢʠʚʘʝʪ, ʯʪʦ ʫʩʪʘʥʦʚʢʘ ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʝʡ ʚ ɿʘʥʛʠʣʘʥʝ, 

ʂʝʣʴʙʘʜʞʘʨʝ ʠ ɻʫʙʘʜʣʳ ʥʝ ʪʦʣʴʢʦ ʫʚʝʣʠʯʠʚʘʝʪ ʧʨʦʠʟʚʦʜʩʪʚʦ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʠʠ, ʥʦ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʦʣʛʦʩʨʦʯʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʪʨʘʪʝʛʠʠ ɸʟʝʨʙʘʡʜʞʘʥʘ.  
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ɸʥʥʦʪʘʮʠʷ. ɺ ʫʩʣʦʚʠʷʭ ʠʥʪʝʥʩʠʚʥʦʛʦ ʦʩʚʦʝʥʠʷ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʳʭ ʨʝʩʫʨʩʦʚ 

ʧʨʦʙʣʝʤʘ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʪʷʞʸʣʳʤʠ ʤʝʪʘʣʣʘʤʠ ʧʨʠʦʙʨʝʪʘʝʪ ʦʩʦʙʫʶ 

ʘʢʪʫʘʣʴʥʦʩʪʴ. ɻʦʨʥʦʨʫʜʥʳʝ ʪʝʨʨʠʪʦʨʠʠ ʦʪʥʦʩʷʪʩʷ ʢ ʟʦʥʘʤ ʧʦʚʳʰʝʥʥʦʛʦ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʨʠʩʢʘ 

ʚʩʣʝʜʩʪʚʠʝ ʥʘʢʦʧʣʝʥʠʷ ʪʦʢʩʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʯʚʝʥʥʦʤ ʧʦʢʨʦʚʝ, ʯʪʦ ʤʦʞʝʪ ʥʝʛʘʪʠʚʥʦ 

ʦʪʨʘʞʘʪʴʩʷ ʥʘ ʩʦʩʪʦʷʥʠʠ ʵʢʦʩʠʩʪʝʤ ʠ ʟʜʦʨʦʚʴʝ ʥʘʩʝʣʝʥʠʷ. ɺ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ ɹʘʪʢʝʥʩʢʠʡ ʨʝʛʠʦʥ 

ʂʳʨʛʳʟʩʪʘʥʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡʩʷ ʥʘʣʠʯʠʝʤ ʜʝʡʩʪʚʫʶʱʠʭ ʠ ʟʘʢʦʥʩʝʨʚʠʨʦʚʘʥʥʳʭ 

ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʭʚʦʩʪʦʭʨʘʥʠʣʠʱ ʠ ʦʪʚʘʣʦʚ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʚʘʞʥʳʡ ʦʙʲʝʢʪ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʎʝʣ ɹʠʩʩʣʝʜʦʚʘʥʠʷ: ʦʧʨʝʜʝʣʠʪʴ ʦʩʥʦʚʥʳʝ 

ʠʩʪʦʯʥʠʢʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʧʦʩʪʫʧʣʝʥʠʷ ʪʷʞʸʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʧʦʯʚʳ ʛʦʨʥʦʨʫʜʥʳʭ ʪʝʨʨʠʪʦʨʠʡ, 

ʦʮʝʥʠʪʴ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʨʠʩʢʠ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚ ʜʣʷ ʵʢʦʩʠʩʪʝʤ ʠ ʟʜʦʨʦʚʴʷ 

ʥʘʩʝʣʝʥʠʷ ʨʝʛʠʦʥʘ, ʬʦʨʤʫʣʠʨʦʚʘʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʵʢʦʣʦʛʠʯʝʩʢʦʤʫ ʤʦʥʠʪʦʨʠʥʛʫ, ʩʥʠʞʝʥʠʶ 

ʫʨʦʚʥʷ ʟʘʛʨʷʟʥʝʥʠʷ ʠ ʨʝʢʫʣʴʪʠʚʘʮʠʠ ʥʘʨʫʰʝʥʥʳʭ ʟʝʤʝʣʴ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʩʦʜʝʨʞʘʥʠʷ ʪʷʞʸʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʧʦʯʚʘʭ ʛʦʨʥʦʨʫʜʥʳʭ ʪʝʨʨʠʪʦʨʠʡ 

ɹʘʪʢʝʥʩʢʦʛʦ ʨʝʛʠʦʥʘ. ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʦʧʨʝʜʝʣʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʡ ʧʨʠʦʨʠʪʝʪʥʳʭ 

ʪʦʢʩʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʩʚʠʥʝʮ, ʢʘʜʤʠʡ, ʮʠʥʢ, ʤʝʜʴ, ʤʳʰʴʷʢ ʠ ʨʪʫʪʴ, ʘ ʪʘʢʞʝ ʘʥʘʣʠʟʫ 

ʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʟʦʥʝ ʚʣʠʷʥʠʷ ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʭ ʦʙʲʝʢʪʦʚ ʠ 

ʭʚʦʩʪʦʭʨʘʥʠʣʠʱ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʧʦʚʳʰʝʥʥʦʤ ʫʨʦʚʥʝ 

ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚ ʪʷʞʸʣʳʤʠ ʤʝʪʘʣʣʘʤʠ ʚ ʨʘʡʦʥʘʭ, ʧʨʠʣʝʛʘʶʱʠʭ ʢ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʘʤ ʠ 

ʦʙʲʝʢʪʘʤ ʛʦʨʥʦʨʫʜʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʧʨʝʚʳʰʝʥʠʷ 

ʥʦʨʤʘʪʠʚʥʳʭ ʟʥʘʯʝʥʠʡ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʝʭʥʦʛʝʥʥʳʡ ʭʘʨʘʢʪʝʨ ʟʘʛʨʷʟʥʝʥʠʷ ʠ ʧʦʪʝʥʮʠʘʣʴʥʫʶ 

ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʦʧʘʩʥʦʩʪʴ ʠʩʩʣʝʜʫʝʤʳʭ ʪʝʨʨʠʪʦʨʠʡ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʪʝʧʝʥʴ ʥʘʢʦʧʣʝʥʠʷ 

ʪʷʞʸʣʳʭ ʤʝʪʘʣʣʦʚ ʟʘʚʠʩʠʪ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʠʩʪʦʯʥʠʢʦʚ ʟʘʛʨʷʟʥʝʥʠʷ, ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʝʣʴʝʬʘ ʠ 
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ʩʚʦʡʩʪʚ ʧʦʯʚ. ɼʝʣʘʝʪʩʷ ʚʳʚʦʜ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʦʮʝʥʢʝ ʠ ʫʧʨʘʚʣʝʥʠʶ 

ʧʦʩʣʝʜʩʪʚʠʷʤʠ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʨʝʛʠʦʥʝ. 

 

Abstract. In the conditions of intensive development of mineral resources, the problem of 

environmental contamination by heavy metals is becoming increasingly relevant. Mining areas are 

classified as zones of elevated environmental risk due to the accumulation of toxic elements in the 

soil cover, which can adversely affect ecosystem stability and human health. In this context, the 

Batken region of Kyrgyzstan, characterized by the presence of both active and abandoned mining 

enterprises, tailings storage facilities, and waste rock dumps, represents an important object of 

environmental research. The objectives of this study are to identify the main sources of technogenic 

input of heavy metals into the soils of mining areas, to assess the potential environmental risks of soil 

contamination for ecosystems and public health, and to formulate recommendations for 

environmental monitoring, pollution reduction, and reclamation of disturbed lands. The article 

presents an ecological assessment of heavy metal content in the soils of mining areas of the Batken 

region. Special attention is given to determining the concentrations of priority toxic elements such as 

lead, cadmium, zinc, copper, arsenic, and mercury, as well as to analyzing their spatial distribution 

within the zones influenced by mining facilities and tailings storage sites. The results indicate an 

elevated level of soil contamination by heavy metals in areas adjacent to tailings storage facilities and 

mining industry sites. In several cases, the recorded concentrations exceed established regulatory 

limits, indicating the technogenic nature of contamination and the potential environmental hazard of 

the studied territories. It was found that the degree of heavy metal accumulation depends on the 

distance from pollution sources, topographic features, and soil properties. The study emphasizes the 

necessity of a comprehensive approach to assessing and managing the environmental consequences 

of mining activities in the region. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʦʮʝʥʢʘ, ʪʷʞʸʣʳʝ ʤʝʪʘʣʣʳ, ʟʘʛʨʷʟʥʝʥʠʝ ʧʦʯʚ, 

ʛʦʨʥʦʨʫʜʥʳʝ ʪʝʨʨʠʪʦʨʠʠ, ɹʘʪʢʝʥʩʢʠʡ ʨʝʛʠʦʥ, ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʘ, ʪʝʭʥʦʛʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ, 

ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʨʠʩʢ, ʤʦʥʠʪʦʨʠʥʛ ʧʦʯʚ. 

 

Keywords: ecological assessment, heavy metals, soil contamination, mining areas, Batken 

region, tailings storage facilities, technogenic impact, environmental risk, soil monitoring. 

 

ɻʦʨʥʦʨʫʜʥʳʝ ʪʝʨʨʠʪʦʨʠʠ ʚʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ ʤʠʨʘ ʷʚʣʷʶʪʩʷ ʠʩʪʦʯʥʠʢʘʤʠ ʩʝʨʴʸʟʥʦʛʦ 

ʪʝʭʥʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʉʨʝʜʠ ʦʩʥʦʚʥʳʭ ʧʨʦʙʣʝʤ - ʟʘʛʨʷʟʥʝʥʠʝ ʧʦʯʚ 

ʪʷʞʸʣʳʤʠ ʤʝʪʘʣʣʘʤʠ (ʥʘʧʨʠʤʝʨ, Pb, Cd, Zn, Cu, Hg, As), ʢʦʪʦʨʳʝ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʚ ʧʦʯʚʝʥʥʦʤ 

ʧʦʢʨʦʚʝ, ʩʦʟʜʘʶʪ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʨʠʩʢʠ ʠ ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʟʜʦʨʦʚʴʝ 

ʯʝʣʦʚʝʢʘ, ʵʢʦʩʠʩʪʝʤʳ, ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ ʠ ʚʦʜʥʳʝ ʨʝʩʫʨʩʳ [1].  

ʊʘʢʠʝ ʟʘʛʨʷʟʥʝʥʠʷ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʳ ʜʣʷ ʨʝʛʠʦʥʦʚ ʩ ʨʘʟʚʠʪʦʡ ʛʦʨʥʦʡ ʜʦʙʳʯʝʡ ʠ 

ʧʝʨʝʨʘʙʦʪʢʦʡ ʨʫʜ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʠʪʩʷ ɹʘʪʢʝʥʩʢʠʡ ʨʝʛʠʦʥ ʂʳʨʛʳʟʩʪʘʥʘ [2]. 

ɻʝʦʛʨʘʬʠʯʝʩʢʠʡ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʢʦʥʪʝʢʩʪ ɹʘʪʢʝʥʩʢʦʛʦ ʨʝʛʠʦʥʘ. ɹʘʪʢʝʥʩʢʠʡ ʨʝʛʠʦʥ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʥʘ ʶʛʦ-ʟʘʧʘʜʝ ʂʳʨʛʳʟʩʪʘʥʘ, ʠʩʪʦʨʠʯʝʩʢʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʜʦʙʳʯʝʡ ʠ 

ʧʝʨʝʨʘʙʦʪʢʦʡ ʨʘʟʣʠʯʥʳʭ ʨʫʜ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʚʠʥʮʦʚʦ-ʮʠʥʢʦʚʳʭ ʠ ʨʪʫʪʥʦ-ʩʫʨʴʤʷʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʡ ʦʙʨʘʟʫʶʪʩʷ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʘ, 

ʦʪʚʘʣʳ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʚʦʜʦʸʤʳ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ 

ʧʦʩʪʫʧʣʝʥʠʷ ʪʷʞʸʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʧʦʯʚʫ ʠ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʆʩʥʦʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ 

ʥʘʢʦʧʣʝʥʠʷ ʪʷʞʸʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʧʦʯʚʘʭ ʛʦʨʥʦʨʫʜʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ɹʘʪʢʝʥʩʢʦʛʦ ʨʝʛʠʦʥʘ 

ʷʚʣʷʶʪʩʷ ʦʪʚʘʣʳ ʭʚʦʩʪʦʚʳʭ ʭʦʟʷʡʩʪʚ ʠ ʩʢʣʘʜʠʨʦʚʘʥʠʝ ʨʫʜʥʳʭ ʦʪʭʦʜʦʚ, ʢʦʪʦʨʳʝ ʯʘʩʪʦ 
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ʦʩʪʘʶʪʩʷ ʯʘʩʪʠʯʥʦ ʥʝʟʘʢʨʳʪʳʤʠ ʠ ʜʦʩʪʫʧʥʳ ʜʣʷ ʵʨʦʟʠʠ ʚʝʪʨʦʤ ʠ ʚʦʜʦʡ; ʧʨʦʰʣʘʷ 

ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ (ʥʘʧʨʠʤʝʨ, ʩʚʠʥʮʦʚʦ-ʮʠʥʢʦʚʳʝ ʢʦʤʙʠʥʘʪʳ), 

ʢʦʪʦʨʳʝ ʦʩʪʘʚʠʣʠ ʟʥʘʯʠʪʝʣʴʥʳʝ ʦʙʲʸʤʳ ʦʪʭʦʜʦʚ;  ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʘ ʩʪʘʨʳʭ ʨʫʜʥʠʢʦʚ, ʛʜʝ 

ʦʪʭʦʜʳ ʩʦʜʝʨʞʘʪ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ Pb, Zn ʠ ʜʨ., ʠ ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʳʱʝʣʘʯʠʚʘʪʴʩʷ ʚ ʧʦʯʚʳ 

ʠ ʛʨʫʥʪʦʚʳʝ ʚʦʜʳ; ʘʪʤʦʩʬʝʨʥʳʝ ʦʪʣʦʞʝʥʠʷ ʧʳʣʠ ʩ ʨʫʜʥʦʛʦ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʪʨʘʥʩʧʦʨʪʘ. 

ʍʚʦʩʪʦʭʨʘʥʠʣʠʱʝ ʩʫʨʴʤʷʥʦʛʦ ʢʦʤʙʠʥʘʪʘ ʂʘʜʘʤʞʘʡʩʢʦʛʦ ʨʘʡʦʥʘ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ 

ʠʩʪʦʯʥʠʢʦʤ ʪʝʭʥʦʛʝʥʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚ ʪʷʞʸʣʳʤʠ ʤʝʪʘʣʣʘʤʠ, ʚʢʣʶʯʘʷ ʩʚʠʥʝʮ (Pb), 

ʢʘʜʤʠʡ (Cd), ʩʫʨʴʤʫ (Sb) ʠ ʮʠʥʢ (Zn) (ʈʠʩʫʥʦʢ).  

ʄʘʪʝʨʠʘʣʳ ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʧʦʯʚʘʭ, 

ʧʨʠʣʝʛʘʶʱʠʭ ʢ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʫ, ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʶʪ ʬʦʥʦʚʳʡ ʫʨʦʚʝʥʴ ʠ ʥʦʨʤʘʪʠʚʥʳʝ 

ʟʥʘʯʝʥʠʷ, ʯʪʦ ʩʦʟʜʘʸʪ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʫʛʨʦʟʫ ʜʣʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʟʝʤʝʣʴ ʠ ʤʝʩʪʥʳʭ 

ʵʢʦʩʠʩʪʝʤ [3, 4]. 

 

 
 

ʈʠʩʫʥʦʢ. ʍʚʦʩʪʦʭʨʘʥʠʣʠʱʝ ʩʫʨʴʤʷʥʦʛʦ ʢʦʤʙʠʥʘʪʘ ʂʘʜʘʤʞʘʡʩʢʦʛʦ ʨʘʡʦʥʘ 

 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʕʢʦʣʦʛʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʩʦʜʝʨʞʘʥʠʷ ʪʷʞʸʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʧʦʯʚʘʭ ʚʢʣʶʯʘʝʪ ʥʝʩʢʦʣʴʢʦ 

ʵʪʘʧʦʚ: ʦʪʙʦʨ ʧʨʦʙ ʧʦʯʚʳ ʥʘ ʨʘʟʣʠʯʥʳʭ ʛʣʫʙʠʥʘʭ (ʦʙʳʯʥʦ 0ï10 ʠ 10ï20 ʩʤ) [5]; ʭʠʤʠʯʝʩʢʠʡ 

ʘʥʘʣʠʟ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʠ Pb, Cd, Zn, Cu, As, Hg ʠ ʜʨʫʛʠʭ ʤʝʪʘʣʣʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʘʪʦʤʥʦ-

ʘʙʩʦʨʙʮʠʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʠ ʜʨʫʛʠʭ ʤʝʪʦʜʦʚ, ɻʆʉʊ 17.4.3.01-83 

çʇʦʯʚʳ. ʄʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚè; ʆʙʱʠʝ ʤʝʪʦʜʠʢʠ ʚʟʷʪʠʷ ʧʨʦʙ, 

ʧʦʜʛʦʪʦʚʢʠ ʠ ʘʥʘʣʠʟʘ ʧʦʯʚ ʥʘ ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ [6]. ɻʆʉʊ 26929-94 çʇʦʯʚʳ. ʄʝʪʦʜʳ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʩʚʠʥʮʘ, ʢʘʜʤʠʷ, ʮʠʥʢʘ ʠ ʤʝʜʠè ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʧʨʦʙ (ʩʫʰʢʘ, 

ʠʟʤʝʣʴʯʝʥʠʝ, ʧʨʦʩʝʠʚʘʥʠʝ), ʚʳʱʝʣʘʯʠʚʘʥʠʝ ʢʠʩʣʦʪʘʤʠ ʠ ʘʥʘʣʠʟ ʤʝʪʦʜʦʤ [7]; ʦʧʨʝʜʝʣʝʥʠʝ 

ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ (ʄɼʂ) ʠ ʩʨʘʚʥʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʤʝʪʘʣʣʦʚ ʩ 

ʝʩʪʝʩʪʚʝʥʥʳʤ ʛʝʦʭʠʤʠʯʝʩʢʠʤ ʬʦʥʦʤ ʠ ʥʦʨʤʘʪʠʚʘʤʠ ʢʘʯʝʩʪʚʘ ʧʦʯʚʳ; ʨʘʩʯʸʪ ʠʥʜʝʢʩʦʚ 

ʟʘʛʨʷʟʥʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʢʦʧʣʝʥʠʷ, ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʠʥʜʝʢʩ ʟʘʛʨʷʟʥʝʥʠʷ, 

ʦʙʦʙʱʸʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʟʘʛʨʷʟʥʝʥʠʷ; ʦʮʝʥʢʘ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʨʠʩʢʘ ʜʣʷ ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ ʠ 

ʵʢʦʩʠʩʪʝʤ.  

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ɼʦʩʪʫʧʥʳʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʠ ʩʘʥʠʪʘʨʥʦ-ʛʠʛʠʝʥʠʯʝʩʢʠʝ ʦʮʝʥʢʠ ʧʦʢʘʟʳʚʘʶʪ ʥʘʣʠʯʠʝ 

ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʪʷʞʸʣʳʭ ʤʝʪʘʣʣʦʚ (ʥʘʧʨʠʤʝʨ, ʤʳʰʴʷʢʘ, ʨʪʫʪʠ, ʩʫʨʴʤʳ, ʩʚʠʥʮʘ) ʚ 

ʧʦʯʚʘʭ ʙʣʠʟ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ; ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʫʨʦʚʥʠ ʟʘʛʨʷʟʥʝʥʠʷ 

ʧʨʝʚʳʰʘʣʠ ʧʦʨʦʡ ʦʨʠʝʥʪʠʨʦʚʦʯʥʦ ʜʦʧʫʩʪʠʤʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʦʩʦʙʝʥʥʦ ʚ ʨʘʡʦʥʘʭ ʩʪʘʨʳʭ 
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ʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ; ʧʦʯʚʳ ʙʣʠʟ ʭʚʦʩʪʦʚ ʠ ʨʫʜʥʠʢʦʚ ʤʦʛʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴ 

ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʦʧʘʩʥʦʩʪʴ ʠ ʥʝ ʧʨʠʛʦʜʥʳ ʜʣʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʝʟ 

ʨʝʢʫʣʴʪʠʚʘʮʠʠ; ʚʤʝʰʘʪʝʣʴʩʪʚʦ ʠ ʤʦʥʠʪʦʨʠʥʛ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʩʥʠʞʝʥʠʷ ʨʠʩʢʦʚ, ʦʩʦʙʝʥʥʦ ʜʣʷ 

ʫʷʟʚʠʤʳʭ ʛʨʫʧʧ, ʪʘʢʠʭ ʢʘʢ ʜʝʪʠ. ɿʘʛʨʷʟʥʝʥʠʝ ʧʦʯʚ ʪʷʞʝʣʳʤʠ ʤʝʪʘʣʣʘʤʠ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ 

ʥʘʨʫʰʝʥʠʶ ʩʪʨʫʢʪʫʨʳ ʧʦʯʚ, ʩʥʠʞʝʥʠʶ ʧʣʦʜʦʨʦʜʠʷ ʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ; ʥʘʢʦʧʣʝʥʠʶ 

ʤʝʪʘʣʣʦʚ ʚ ʨʘʩʪʝʥʠʷʭ, ʦʩʦʙʝʥʥʦ ʚ ʦʚʦʱʘʭ ʠ ʢʦʨʤʦʚʳʭ ʢʫʣʴʪʫʨʘʭ, ʯʪʦ ʚʝʜʸʪ ʢ ʧʦʩʪʫʧʣʝʥʠʶ 

ʪʦʢʩʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʠʱʝʚʫʶ ʮʝʧʦʯʢʫ; ʟʘʛʨʷʟʥʝʥʠʶ ʚʦʜʦʸʤʦʚ ʠ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʯʝʨʝʟ 

ʚʳʱʝʣʘʯʠʚʘʥʠʝ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ; ʧʦʚʳʰʝʥʥʦʤʫ ʨʠʩʢʫ ʜʣʷ ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ ð ʦʪ 

ʪʦʢʩʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʜʦ ʭʨʦʥʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ. ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʨʠʩʢʦʚ 

ʥʝʦʙʭʦʜʠʤʳ ʩʪʨʘʪʝʛʠʠ, ʚʢʣʶʯʘʶʱʠʝ ʨʝʛʫʣʷʨʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʩʦʜʝʨʞʘʥʠʷ ʪʷʞʸʣʳʭ ʤʝʪʘʣʣʦʚ 

ʚ ʧʦʯʚʘʭ ʠ ʚʦʜʝ; ʦʛʨʘʥʠʯʝʥʠʝ ʜʦʩʪʫʧʘ ʥʘʩʝʣʝʥʠʷ ʢ ʟʦʥʘʤ ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʟʘʛʨʷʟʥʝʥʠʷ; 

ʨʝʢʫʣʴʪʠʚʘʮʠʷ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱ ʠ ʦʪʚʘʣʦʚ (ʥʘʧʨʠʤʝʨ, ʛʝʨʤʝʪʠʟʘʮʠʷ, ʦʟʝʣʝʥʝʥʠʝ); 

ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʠʥʬʦʨʤʠʨʦʚʘʥʠʝ ʦʙʱʠʥ ʦ ʨʠʩʢʘʭ; ʧʨʦʚʝʜʝʥʠʝ ʢʦʤʧʣʝʢʩʥʦʡ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʧʝʨʝʜ ʥʘʯʘʣʦʤ ʥʦʚʳʭ ʛʦʨʥʳʭ ʨʘʙʦʪ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʸʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʯʚʳ ʛʦʨʥʦʨʫʜʥʳʭ 

ʪʝʨʨʠʪʦʨʠʡ ɹʘʪʢʝʥʩʢʦʛʦ ʨʝʛʠʦʥʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʨʷʜʘ ʪʷʞʸʣʳʭ 

ʤʝʪʘʣʣʦʚ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʟʥʘʯʠʪʝʣʴʥʦʤ ʪʝʭʥʦʛʝʥʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʧʦʯʚʝʥʥʳʡ 

ʧʦʢʨʦʚ. ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʘʛʨʷʟʥʷʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʚ ʨʘʡʦʥʘʭ, 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʠʣʝʛʘʶʱʠʭ ʢ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʘʤ, ʦʪʚʘʣʘʤ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ ʦʙʲʝʢʪʘʤ 

ʧʝʨʝʨʘʙʦʪʢʠ ʨʫʜʥʦʛʦ ʩʳʨʴʷ. 

ɸʥʘʣʠʟ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʯʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʚʠʥʮʘ, ʢʘʜʤʠʷ, ʮʠʥʢʘ, 

ʤʝʜʠ, ʤʳʰʴʷʢʘ ʠ ʨʪʫʪʠ ʚ ʨʷʜʝ ʧʨʦʙ ʧʨʝʚʳʰʘʶʪ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ (ʊʘʙʣʠʮʘ). ʆʩʦʙʝʥʥʦ ʚʳʨʘʞʝʥʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʦʪʤʝʯʝʥʦ ʜʣʷ ʩʚʠʥʮʘ ʠ ʤʳʰʴʷʢʘ, 

ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʠʩʪʦʨʠʯʝʩʢʦʡ ʜʦʙʳʯʝʡ ʠ ʧʝʨʝʨʘʙʦʪʢʦʡ ʩʚʠʥʮʦʚʦ-ʮʠʥʢʦʚʳʭ ʠ ʩʫʨʴʤʷʥʦ-ʨʪʫʪʥʳʭ 

ʨʫʜ ʚ ʨʝʛʠʦʥʝ. ʇʦʚʳʰʝʥʥʳʝ ʫʨʦʚʥʠ ʢʘʜʤʠʷ ʠ ʮʠʥʢʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʦʧʫʪʩʪʚʫʶʪ ʩʚʠʥʮʦʚʦʤʫ 

ʟʘʛʨʷʟʥʝʥʠʶ ʠ ʫʢʘʟʳʚʘʶʪ ʥʘ ʦʙʱʝʝ ʛʝʦʭʠʤʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʛʦʨʥʦʨʫʜʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʷʞʸʣʳʭ ʤʝʪʘʣʣʦʚ ʚʳʷʚʠʣ ʟʘʢʦʥʦʤʝʨʥʦʝ 

ʩʥʠʞʝʥʠʝ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʠʩʪʦʯʥʠʢʦʚ ʟʘʛʨʷʟʥʝʥʠʷ. ʅʘ 

ʫʯʘʩʪʢʘʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʙʣʠʟʠ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱ, ʧʦʯʚʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʠʤ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʥʘʢʦʧʣʝʥʠʷ ʪʷʞʸʣʳʭ ʤʝʪʘʣʣʦʚ, ʪʦʛʜʘ ʢʘʢ ʥʘ ʫʜʘʣʸʥʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ ʟʥʘʯʝʥʠʷ 

ʧʨʠʙʣʠʞʘʶʪʩʷ ʢ ʬʦʥʦʚʳʤ ʫʨʦʚʥʷʤ. ʉʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʤʠʛʨʘʮʠʶ ʠ ʘʢʢʫʤʫʣʷʮʠʶ 

ʤʝʪʘʣʣʦʚ ʦʢʘʟʳʚʘʶʪ ʨʝʣʴʝʬ ʤʝʩʪʥʦʩʪʠ, ʚʝʪʨʦʚʦʡ ʧʝʨʝʥʦʩ ʧʳʣʝʚʳʭ ʯʘʩʪʠʮ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʡ 

ʩʪʦʢ, ʦʩʦʙʝʥʥʦ ʚ ʫʩʣʦʚʠʷʭ ʛʦʨʥʦʛʦ ʣʘʥʜʰʘʬʪʘ ɹʘʪʢʝʥʩʢʦʛʦ ʨʝʛʠʦʥʘ. 
 

ʊʘʙʣʠʮʘ 

ʂʆʅʎɽʅʊʈɸʎʀʀ ʊʗɾɪʃʓʍ ʄɽʊɸʃʃʆɺ ɺ ʇʆʏɺɸʍ ɻʆʈʅʆʈʋɼʅʓʍ ʊɽʈʈʀʊʆʈʀʁ 

ɹɸʊʂɽʅʉʂʆɻʆ ʈɽɻʀʆʅɸ 
 

ʄʝʪʘʣʣ, 

ʤʛ/ʢʛ 

ʄɼʂ* ʍʍ** ˉ1, 

0-50 ʤ 

ʆʪʚʘʣ ʨʫʜʥʦʛʦ 

ʩʳʨʴʷ 1, 50-100 ʤ 

ɿʝʤʣʷ ʩ-ʭ, 

200-300 ʤ 

ʍʍ ˉ2, 0-50 

ʤ 

ʆʪʚʘʣ ʨʫʜʥʦʛʦ 

ʩʳʨʴʷ 2, 50-100 ʤ 

Pb  100 450 320 75 510 340 

Cd  3 12 8 1,5 15 9 

Zn  300 780 500 120 820 540 

Cu  50 95 70 25 110 75 

As  20 35 25 10 40 28 

Hg  0.5 1,2 0,8 0,2 1,5 0,9 
 

* ð  (ʄɼʂ) ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʦ ʩʪʘʥʜʘʨʪʘʤ ʧʦʯʚ ʂʳʨʛʳʟʩʪʘʥʘ 

** (ʍʍ) ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʝ 
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ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʫʢʘʟʳʚʘʶʪ ʥʘ ʚʳʩʦʢʫʶ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʥʘʛʨʫʟʢʫ ʥʘ ʧʦʯʚʳ 

ʠʩʩʣʝʜʫʝʤʳʭ ʪʝʨʨʠʪʦʨʠʡ ʠ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʦʧʘʩʥʦʩʪʴ ʚʪʦʨʠʯʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʩʦʧʨʝʜʝʣʴʥʳʭ 

ʵʢʦʩʠʩʪʝʤ, ʚʢʣʶʯʘʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʟʝʤʣʠ ʠ ʚʦʜʥʳʝ ʦʙʲʝʢʪʳ. ʅʘʢʦʧʣʝʥʠʝ ʪʷʞʸʣʳʭ 

ʤʝʪʘʣʣʦʚ ʚ ʧʦʯʚʝ ʩʦʟʜʘʸʪ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʠʭ ʧʦʩʪʫʧʣʝʥʠʷ ʚ ʨʘʩʪʝʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʚʢʣʶʯʝʥʠʷ ʚ ʪʨʦʬʠʯʝʩʢʠʝ ʮʝʧʠ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʨʠʩʢ ʜʣʷ ʟʜʦʨʦʚʴʷ ʥʘʩʝʣʝʥʠʷ, ʧʨʦʞʠʚʘʶʱʝʛʦ 

ʚʙʣʠʟʠ ʛʦʨʥʦʨʫʜʥʳʭ ʦʙʲʝʢʪʦʚ. ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ 

ʜʣʷ ʜʨʫʛʠʭ ʛʦʨʥʦʨʫʜʥʳʭ ʨʝʛʠʦʥʦʚ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ, ʧʦʢʘʟʳʚʘʝʪ ʩʭʦʜʩʪʚʦ ʦʩʥʦʚʥʳʭ 

ʪʝʥʜʝʥʮʠʡ ʟʘʛʨʷʟʥʝʥʠʷ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʨʝʛʠʦʥʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʧʨʦʙʣʝʤʳ. ʇʨʠ ʵʪʦʤ 

ʦʩʦʙʝʥʥʦʩʪʠ ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʯʚ ɹʘʪʢʝʥʩʢʦʛʦ ʨʝʛʠʦʥʘ ʠ ʥʘʣʠʯʠʝ ʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʟʘʢʦʥʩʝʨʚʠʨʦʚʘʥʥʳʭ ʦʙʲʝʢʪʦʚ ʛʦʨʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʫʩʠʣʠʚʘʶʪ ʤʘʩʰʪʘʙʳ ʠ 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʪʝʭʥʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʜʪʚʝʨʞʜʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʯʚ 

ʛʦʨʥʦʨʫʜʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ɹʘʪʢʝʥʩʢʦʛʦ ʨʝʛʠʦʥʘ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʢʠ ʠ ʚʥʝʜʨʝʥʠʷ ʤʝʨ ʧʦ 

ʩʥʠʞʝʥʠʶ ʟʘʛʨʷʟʥʝʥʠʷ ʠ ʨʝʢʫʣʴʪʠʚʘʮʠʠ ʥʘʨʫʰʝʥʥʳʭ ʟʝʤʝʣʴ. ʂʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʢ ʦʮʝʥʢʝ ʠ 

ʫʧʨʘʚʣʝʥʠʶ ʟʘʛʨʷʟʥʝʥʠʝʤ ʧʦʯʚ ʪʷʞʸʣʳʤʠ ʤʝʪʘʣʣʘʤʠ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʫʩʣʦʚʠʝʤ 

ʦʙʝʩʧʝʯʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʨʝʛʠʦʥʘ. 

 

ɺʳʚʦʜ 

ʕʢʦʣʦʛʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʩʦʜʝʨʞʘʥʠʷ ʪʷʞʸʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʧʦʯʚʘʭ ʛʦʨʥʦʨʫʜʥʳʭ ʪʝʨʨʠʪʦʨʠʡ 

ɹʘʪʢʝʥʩʢʦʛʦ ʨʝʛʠʦʥʘ ʂʳʨʛʳʟʩʪʘʥʘ ʚʘʞʥʳʡ ʢʦʤʧʦʥʝʥʪ ʧʦʥʠʤʘʥʠʷ ʩʪʝʧʝʥʠ ʪʝʭʥʦʛʝʥʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʉʦʚʨʝʤʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʪʘʢʠʝ 

ʪʝʨʨʠʪʦʨʠʠ ʤʦʛʫʪ ʙʳʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʟʘʛʨʷʟʥʝʥʳ ʪʷʞʝʣʳʤʠ ʤʝʪʘʣʣʘʤʠ, ʯʪʦ ʩʦʟʜʘʸʪ ʨʠʩʢʠ ʜʣʷ 

ʟʜʦʨʦʚʴʷ ʠ ʵʢʦʩʠʩʪʝʤ. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʤʦʥʠʪʦʨʠʥʛ, ʩʘʥʠʪʘʨʥʳʝ ʤʝʨʳ ʠ ʵʢʦʣʦʛʠʯʝʩʢʘʷ 

ʧʦʣʠʪʠʢʘ ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʩʠʪʫʘʮʠʠ ʠ ʟʘʱʠʪʳ ʥʘʩʝʣʝʥʠʷ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʡ ʠ ʧʨʠʙʦʨʦʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʷʭ ʩ 

ʢʘʞʜʳʤ ʛʦʜʦʤ ʨʘʩʰʠʨʷʝʪʩʷ ʩʬʝʨʘ ʧʨʠʤʝʥʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʣʫʯʘʝʤʳʭ ʤʝʪʦʜʘʤʠ ʢʦʚʦʯʥʦʡ 

ʤʝʪʘʣʣʫʨʛʠʠ. ʕʪʠ ʤʘʪʝʨʠʘʣʳ ʦʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʦʡ ʤʘʪʝʨʠʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ, 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʦʣʫʯʝʥʠʷ ʜʝʪʘʣʝʡ ʩʣʦʞʥʦʡ ʬʦʨʤʳ, ʘʚʪʦʤʘʪʠʟʘʮʠʝʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴʶ. ʋʩʧʝʰʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʠ ʜʣʠʪʝʣʴʥʘʷ 

ʵʢʩʧʣʫʘʪʘʮʠʷ ʠʟʜʝʣʠʡ ʠʟ ʢʦʚʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʪʨʝʙʫʶʪ ʛʣʫʙʦʢʦʛʦ ʠ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ ʠʟʫʯʝʥʠʷ ʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ, ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʪʨʠʙʦʪʝʭʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 

ʅʘʫʯʥʘʷ ʮʝʥʥʦʩʪʴ ʩʪʘʪʴʠ ʚ ʪʦʤ, ʯʪʦ ʚ ʥʝʡ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʦʜʝʣʠ, 

ʦʙʲʷʩʥʷʶʱʠʝ ʧʦʚʝʜʝʥʠʝ ʧʦʨʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ 

ʩʧʝʢʘʥʠʷ, ʚ ʧʨʦʮʝʩʩʝ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ, ʠ ʧʨʝʦʜʦʣʝʥʳ ʠʭ 

ʦʛʨʘʥʠʯʝʥʠʷ. ɺʧʝʨʚʳʝ ʧʨʝʜʣʦʞʝʥʘ ʥʦʚʘʷ ʧʣʘʩʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʢʦʪʦʨʘʷ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʫʯʠʪʳʚʘʝʪ ʢʘʢ ʠʟʤʝʥʝʥʠʝ ʧʦʨʠʩʪʦʩʪʠ, ʪʘʢ ʠ ʫʧʨʦʯʥʝʥʠʝ ʤʘʪʝʨʠʘʣʴʥʦʡ ʦʩʥʦʚʳ ʜʣʷ 

ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʧʦʨʠʩʪʦʛʦ ʪʝʣʘ. ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʨʘʟʨʘʙʦʪʢʝ ʥʝʢʦʪʦʨʳʭ ʤʝʪʦʜʦʚ ʫʧʨʦʯʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʦʞʞʝʥʥʳʭ ʧʦʨʠʩʪʳʭ ʨʘʩʪʚʦʨʦʚ ʥʘ 

ʦʩʥʦʚʝ ʞʝʣʝʟʘ ʠ ʚʳʙʦʨʝ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʥʘ ʦʩʥʦʚʝ 

ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʇʨʝʜʣʦʞʝʥʳ ʥʦʚʳʝ ʦʙʦʞʞʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ, 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʠʟ ʩʤʝʩʠ ʞʝʣʝʟʘ ʠ ʯʫʛʫʥʥʳʭ ʩʧʣʘʚʦʚ, ʠ ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ ʫʧʨʦʯʥʝʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʫʪʝʤ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ. 

 

Abstract. In modern mechanical engineering and instrument-making industries, the range of 

applications of materials produced by powder metallurgy methods is expanding year by year. These 

materials are characterized by high material efficiency, the ability to manufacture components with 

complex geometries, a high degree of production process automation and overall economic 

feasibility. The effective use and long-term operation of products made from powder metallurgy 

materials in industry require thorough and systematic investigation of their technological, mechanical 

and tribotechnical properties. The scientific value of the article lies in the analysis of existing models 

that explain the behavior of porous materials produced by metallurgical sintering under conditions of 

surface plastic deformation and in overcoming their inherent limitations. For the first time, a new 

plasticity model is proposed that simultaneously accounts for changes in porosity and for the 

strengthening of the material matrix governing the plastic behavior of a porous body.The practical 

significance of the work lies in the development of several methods for surface hardening of sintered 

iron-based porous materials and in the selection of the most effective modes of plastic deformation 
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based on the results of the conducted studies. New sintered materials synthesized from mixtures of 

iron and cast iron alloys are proposed, and techniques for surface strengthening through plastic 

deformation are developed.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʪʘʣʣʫʨʛʠʷ ʩʧʣʘʚʦʚ, ʧʦʨʠʩʪʳʝ ʤʘʪʝʨʠʘʣʳ, ʤʝʭʘʥʠʢʘ ʠ 

ʠʥʩʪʨʫʤʝʥʪʦʩʪʨʦʝʥʠʝ, ʧʣʘʩʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʩʢʦʨʦʩʪʠ ʥʘʧʨʷʞʝʥʠʷ ʠ ʜʝʬʦʨʤʘʮʠʠ, ʫʧʨʦʯʥʝʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʧʣʘʩʪʠʯʝʩʢʘʷ ʜʝʬʦʨʤʘʮʠʷ 

 

Keywords: alloy metallurgy, porous materials, mechanics and instrument engineering, plasticity 

model, stress and strain rates, surface hardening, plastic deformation 

 

ɿʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʨʘʟʣʠʯʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʜʣʷ ʦʙʲʷʩʥʝʥʠʷ 

ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʧʦʨʠʩʪʳʭ ʪʝʣ. ɹʦʣʴʰʠʥʩʪʚʦ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʦʜʝʣʝʡ ʩʚʷʟʳʚʘʶʪ 

ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʩ ʠʟʤʝʥʝʥʠʝʤ ʧʦʨʠʩʪʦʩʪʠ ʠ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʫʯʠʪʳʚʘʶʪ ʜʝʬʦʨʤʘʮʠʦʥʥʦʝ ʫʧʨʦʯʥʝʥʠʝ ʦʩʥʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʘ. ʕʪʦ ʟʘʪʨʫʜʥʷʝʪ 

ʚʳʙʦʨ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʦʚ ʫʧʨʦʯʥʝʥʠʷ ʧʫʪʝʤ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ 

ʜʝʬʦʨʤʘʮʠʠ ʠ ʦʛʨʘʥʠʯʠʚʘʝʪ ʠʭ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ. ʆʜʥʘʢʦ ʫʧʨʦʯʥʝʥʠʝ ʧʦʨʠʩʪʦʛʦ ʪʝʣʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʫʤʝʥʴʰʝʥʠʝʤ ʧʦʨʠʩʪʦʩʪʠ, ʥʦ ʠ ʧʣʘʩʪʠʯʝʩʢʠʤ ʫʧʨʦʯʥʝʥʠʝʤ ʦʩʥʦʚʘʥʠʷ 

ʤʘʪʝʨʠʘʣʘ. ɸʥʘʣʠʟ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʤʝʭʘʥʠʟʤʳ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ 

ʤʦʥʦʣʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʩʜʚʠʛʦʚʦʡ ʦʙʨʘʙʦʪʢʝ ʠ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʠʟʫʯʝʥʳ 

ʜʦʩʪʘʪʦʯʥʦ ʛʣʫʙʦʢʦ. ʆʜʥʘʢʦ ʥʘʣʠʯʠʝ ʧʦʨ ʚ ʧʦʨʠʩʪʳʭ ʩʪʷʞʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʦʢʘʟʳʚʘʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʭʦʜ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ, ʠ ʵʪʦ ʚʣʠʷʥʠʝ ʝʱʝ ʥʝ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʦʮʝʥʝʥʦ ʩ 

ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʠʟʫʯʝʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ ʧʦʨʠʩʪʳʭ ʩʪʷʞʝʢ ʧʨʠ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʠʤʝʝʪ ʙʦʣʴʰʦʝ 

ʥʘʫʯʥʦʝ ʠ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ. ʋʩʧʝʰʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʠ ʵʬʬʝʢʪʠʚʥʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʥʦʚʳʭ ʢʣʘʩʩʦʚ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʘʤʠ ʩʧʝʢʘʥʠʷ, ʟʘʚʠʩʠʪ ʦʪ 

ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʠʟʫʯʝʥʠʷ ʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʫʯʝʥʳʤʠ ʠʟ ʨʘʟʥʳʭ ʩʪʨʘʥ, ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʝʪʘʣʝʡ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʦʣʦʩ ʠʟ ʤʦʥʦʣʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʨʝʟʢʠ ʠ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʥʳʤ. ʆʜʥʘʢʦ 

ʧʨʦʮʝʩʩ ʫʧʨʦʯʥʝʥʠʷ ʧʦʨʠʩʪʳʭ ʩʧʝʢʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʝʱʝ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥ. ʇʨʠ ʵʪʦʤ, 

ʭʦʪʷ ʚʣʠʷʥʠʝ ʧʦʨ ʥʘ ʧʨʦʮʝʩʩʳ ʨʝʟʢʠ ʠ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʥʝʦʩʧʦʨʠʤʦ, ʚʩʝʩʪʦʨʦʥʥʷʷ 

ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʵʪʦʛʦ ʵʬʬʝʢʪʘ ʥʝ ʧʨʦʚʦʜʠʣʘʩʴ.  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʟʚʦʣʷʶʪ ʚʳʙʨʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʦʚ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ, ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʳʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ 

ʠʟʛʦʪʦʚʣʝʥʠʶ ʥʘʜʝʞʥʳʭ ʠ ʜʦʣʛʦʚʝʯʥʳʭ ʜʝʪʘʣʝʡ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. ʇʦʣʫʯʝʥʥʳʝ 

ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʠ 

ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʜʝʪʘʣʝʡ ʠʟ ʧʦʨʠʩʪʳʭ ʣʠʪʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢʠʭ ʢʘʢ ʵʣʝʤʝʥʪʳ ʪʦʨʤʦʟʥʳʭ ʠ 

ʧʨʫʞʠʥʥʳʭ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʚʦʟʦʚ, ʘ ʪʘʢʞʝ ʘʢʢʫʤʫʣʷʪʦʨʥʳʝ ʤʝʭʘʥʠʟʤʳ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʪʝʭʥʠʢʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʩʪʘʪʴʷ ʷʚʣʷʝʪʩʷ ʧʦʣʝʟʥʳʤ ʥʘʫʯʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʤ ʨʝʩʫʨʩʦʤ ʚ 

ʧʨʝʧʦʜʘʚʘʥʠʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ, ʣʠʪʝʡʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ 

ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʷʭ, ʘ ʪʘʢʞʝ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʥʘʚʳʢʦʚ ʠʥʞʝʥʝʨʥʦ-

ʪʝʭʥʠʯʝʩʢʠʭ ʢʘʜʨʦʚ. 

 

ʋʩʣʦʚʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʇʦʩʪʘʚʣʝʥʥʳʝ ʚ ʨʘʙʦʪʝ ʟʘʜʘʯʠ ʨʝʰʘʣʠʩʴ ʥʘ ʦʩʥʦʚʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ 
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ʨʘʙʦʪʳ ʧʦ ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʞʠʤʦʚ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ ʧʦʨʠʩʪʳʭ ʧʦʜʣʦʞʝʢ ʩ 

ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʝʡ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʝʭʘʥʠʯʝʩʢʠʭ, ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʦʤʧʴʶʪʝʨʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ. ʊʦʯʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ, ʧʨʦʚʝʜʝʥʥʳʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ, ʫʩʪʨʦʡʩʪʚ ʠ ʤʘʪʝʨʠʘʣʦʚ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ɹʦʣʴʰʠʥʩʪʚʦ ʫʯʝʥʳʭ ʧʨʦʚʝʣʠ ʤʘʩʰʪʘʙʥʫʶ ʧʨʦʛʨʘʤʤʫ ʠʟʫʯʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ (ʉʇɼ) ʠʟʜʝʣʠʡ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ 

ʤʝʪʦʜʦʤ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʛʦʨʷʯʝʛʦ ʧʨʝʩʩʦʚʘʥʠʷ (ɼɻʇ). ʅʘʧʨʠʤʝʨ, ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʧʨʦʮʝʩʩʘ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ 

ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʦʛʦ ʜʠʥʘʤʦʤʝʪʨʘ ʠ 

ʘʜʘʧʪʝʨʘ. ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʚʳʩʦʢʦʤʘʨʛʘʥʮʝʚʘʷ ʘʫʩʪʝʥʠʪʥʘʷ ʩʪʘʣʴ 110Q13p (ʰʣʠʬʦʚʘʥʥʘʷ), ʠʟʛʦʪʦʚʣʝʥʥʘʷ ʤʝʪʦʜʦʤ ɼɻʇ, 

ʠ ʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʳʡ ʬʝʨʨʦʛʨʘʬʠʪ ʤʘʨʢʠ CQr 0.2. ʅʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ 

ʨʘʟʨʘʙʦʪʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʣʷ ʟʘʚʦʜʦʚ ʧʦ ʨʝʞʠʤʘʤ ʫʩʠʣʝʥʠʷ ʢʘʥʘʚʦʢ ʧʦʜʚʝʩʢʠ ʠ ʧʨʫʞʠʥʥʳʭ 

ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʚʦʟʦʚ ʠ ʩʦʙʠʨʘʶʱʠʭ ʚʠʪʢʦʚ ʟʝʨʥʦʫʙʦʨʦʯʥʳʭ ʢʦʤʙʘʡʥʦʚ [13]. 

ɹʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʩʧʝʮʠʘʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʦʪʣʠʚʦʢ 

ʤʝʪʦʜʦʤ ʜʦʨʥʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʚ ʪʦʡ ʞʝ ʟʦʥʝ. ɹʳʣʠ ʨʝʢʦʤʝʥʜʦʚʘʥʳ 

ʦʧʪʠʤʘʣʴʥʳʝ ʨʝʞʠʤʳ ʟʘʢʘʣʢʠ: ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʨʘʩʪʷʞʝʥʠʝ h = 0,02Ĭ0,03, ʩʢʦʨʦʩʪʴ ʨʘʩʪʷʞʝʥʠʷ 

ï 7 ʤ/ʤʠʥ, ʦʭʣʘʞʜʘʶʱʘʷ ʩʨʝʜʘ ï ʩʫʣʴʬʨʝʟʦʣ. ʆʜʥʘʢʦ ʵʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʦʜʠʤʳʝ ʫʯʝʥʳʤʠ, 

ʧʦʩʚʷʱʝʥʳ ʪʦʣʴʢʦ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʜʝʣʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ 

ɼʂɺ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʪʘʢʠʝ ʰʪʫʢʘʪʫʨʢʠ ʣʠʙʦ ʥʝ ʦʙʣʘʜʘʶʪ ʧʦʨʠʩʪʦʩʪʴʶ, ʣʠʙʦ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ 

ʩʦʜʝʨʞʘʪ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʝʣʢʠʭ ʧʦʨ, ʤʝʭʘʥʠʟʤ ʠʭ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʘʥʘʣʦʛʠʯʝʥ ʤʝʭʘʥʠʟʤʫ ʤʦʥʦʣʠʪʥʳʭ ʰʪʫʢʘʪʫʨʦʢ. ʇʦʵʪʦʤʫ ʚʩʝʩʪʦʨʦʥʥʝʝ ʠʟʫʯʝʥʠʝ 

ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʨʠʩʪʳʭ ʰʪʫʢʘʪʫʨʦʢ ʠʤʝʝʪ ʚʘʞʥʦʝ ʥʘʫʯʥʦʝ ʠ 

ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʜʚʝ ʤʦʜʝʣʠ 

ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʧʦʨʠʩʪʳʭ ʪʝʣ. ʇʝʨʚʘʷ ʛʨʫʧʧʘ ʤʦʜʝʣʝʡ ʠʩʧʦʣʴʟʫʝʪ ʧʦʚʝʨʭʥʦʩʪʴ 

ʪʝʢʫʯʝʩʪʠ ʚ ʚʠʜʝ ʵʣʣʠʧʩʘ ʧʦ ʦʩʷʤ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ï ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʡ ʠ 

ʩʚʷʟʘʥʘ ʩ ʟʘʢʦʥʦʤ ʩʦʦʪʥʦʝhʥʠʷ ʤʝʞʜʫ ʵʪʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠ ʫʚʝʣʠʯʝʥʠʝʤ ʜʝʬʦʨʤʘʮʠʡ ʠ 

ʥʘʧʨʷʞʝʥʠʡ. ɿʥʘʯʝʥʠʷ ʧʦʣʫʦʩʝʡ ʵʪʦʛʦ ʵʣʣʠʧʩʘ ʥʘʟʳʚʘʶʪʩʷ ʬʫʥʢʮʠʷʤʠ ʧʦʨʠʩʪʦʩʪʠ, ʢʦʪʦʨʳʝ 

ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ [1, 3, 5, 6, 9].  

ɺʪʦʨʦʡ ʪʠʧ ʤʦʜʝʣʝʡ ʚʢʣʶʯʘʝʪ ʤʦʜʝʣʠ, ʚ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʚʝ ʩʠʩʪʝʤʳ 

ʘʨʤʠʨʫʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ; ʦʜʥʘ ʠʟ ʥʠʭ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʝʚʠʘʪʦʨʥʦʡ ʥʝʦʙʨʘʪʠʤʦʡ ʜʝʬʦʨʤʘʮʠʠ, 

ʘ ʜʨʫʛʘʷ ï ʦʙʲʝʤʥʦʡ ʜʝʬʦʨʤʘʮʠʠ [11].  

ɺ ʨʘʤʢʘʭ ʵʪʠʭ ʤʦʜʝʣʝʡ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʪʘʪʠʯʝʩʢʠ ʟʘʜʘʥʥʳʝ ʟʘʜʘʯʠ ʚ ʟʘʤʢʥʫʪʦʡ 

ʧʦʩʪʘʥʦʚʢʝ, ʥʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʟʘʢʦʥʘ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʧʝʨʝʩʝʯʝʥʠʝʤ ʨʝʙʝʨ ʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, 

ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʙʦʣʝʝ ʦʙʱʠʝ ʟʘʜʘʯʠ. ɺ ʦʙʦʠʭ ʪʠʧʘʭ ʤʦʜʝʣʝʡ ʪʝʢʫʱʘʷ ʧʦʨʠʩʪʦʩʪʴ ʤʦʞʝʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʝʜʠʥʩʪʚʝʥʥʳʡ ʧʘʨʘʤʝʪʨ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʩʦʩʪʦʷʥʠʝ ʤʘʪʝʨʠʘʣʘ ʚ 

ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʜʝʬʦʨʤʘʮʠʠ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʫʧʨʦʯʥʝʥʠʝ ʧʦʨʠʩʪʦʛʦ ʪʝʣʘ ʦʙʫʩʣʦʚʣʝʥʦ ʥʝ ʪʦʣʴʢʦ 

ʠʟʤʝʥʝʥʠʝʤ (ʢʦʤʧʝʥʩʘʮʠʝʡ) ʧʦʨʠʩʪʦʩʪʠ, ʥʦ ʠ ʫʧʨʦʯʥʝʥʠʝʤ ʤʘʪʝʨʠʘʣʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤʩʷ 

ʝʛʦ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʝʡ ʧʨʠ ʫʜʘʨʝ. ʆʪʨʠʮʘʥʠʝ ʵʪʦʛʦ ʬʘʢʪʘ ʟʥʘʯʠʪʝʣʴʥʦ ʩʫʞʘʝʪ ʦʙʣʘʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ ʦʙʦʠʭ ʪʠʧʦʚ ʤʦʜʝʣʝʡ, ʧʦʩʢʦʣʴʢʫ ʥʝ ʧʦʟʚʦʣʷʝʪ ʫʯʠʪʳʚʘʪʴ ʚʢʣʘʜ ʩʚʦʡʩʪʚ ʦʩʥʦʚʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʚ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʦʨʠʩʪʦʛʦ ʪʝʣʘ ʜʝʬʦʨʤʘʮʠʠ. ʕʪʦ ʦʙʱʠʡ ʥʝʜʦʩʪʘʪʦʢ ʦʙʝʠʭ ʤʦʜʝʣʝʡ. 
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ɺ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ ʦ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʦʡ ʚʝʨʩʠʠ ʤʦʜʝʣʠ ʧʣʘʩʪʠʯʝʩʢʦʛʦ 

ʧʦʚʝʜʝʥʠʷ ʧʦʨʠʩʪʦʛʦ ʪʝʣʘ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʘʨʤʠʨʦʚʘʥʠʠ ʩ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʝʡ. ʕʪʘ 

ʚʝʨʩʠʷ ʤʦʞʝʪ ʙʳʪʴ ʦʩʥʦʚʘʥʘ ʥʘ ʪʝʦʨʠʠ ʢʚʘʜʨʘʪʠʯʥʳʭ ʩʦʪʦʚʳʭ ʩʪʨʫʢʪʫʨ ʚʷʟʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʠ 

ʩʢʦʨʦʩʪʝʡ ʜʝʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʘʷ ʦʙʲʝʜʠʥʷʝʪ ʦʙʘ ʪʠʧʘ ʤʦʜʝʣʝʡ ʠ ʩʚʦʙʦʜʥʘ ʦʪ ʫʢʘʟʘʥʥʦʛʦ 

ʥʝʜʦʩʪʘʪʢʘ [8, 9]. 

ʅʘʣʠʯʠʝ ʜʝʬʝʢʪʦʚ ʚ ʚʠʜʝ ʜʠʩʣʦʢʘʮʠʡ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ ʦʩʣʘʙʣʷʝʪ ʤʝʪʘʣʣ, ʥʦ ʚ 

ʪʦ ʞʝ ʚʨʝʤʷ, ʢʦʛʜʘ ʵʪʠʭ ʜʝʬʝʢʪʦʚ ʤʥʦʛʦ, ʦʥ ʝʛʦ ʫʧʨʦʯʥʷʝʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʧʨʠʜʘʥʠʷ 

ʤʝʪʘʣʣʘʤ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʚʘ ʤʝʪʦʜʘ: ʣʠʙʦ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ 

ʢʦʣʠʯʝʩʪʚʦ ʜʠʩʣʦʢʘʮʠʡ, ʣʠʙʦ ʨʝʟʢʦ ʫʚʝʣʠʯʠʪʴ ʠʭ ʯʠʩʣʦ [7, 10]. 

ʆʙʦʞʞʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠʤʝʶʪ ʩʪʨʫʢʪʫʨʥʳʝ ʜʝʬʝʢʪʳ ʚ ʚʠʜʝ ʧʦʨ ʠ ʜʠʩʣʦʢʘʮʠʡ, ʢʦʪʦʨʳʝ 

ʩʥʠʞʘʶʪ ʠʭ ʦʙʱʫʶ ʧʨʦʯʥʦʩʪʴ. ʆʜʥʠʤ ʠʟ ʤʝʪʦʜʦʚ ʧʦʚʳʰʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʦʙʦʞʞʝʥʥʳʭ ʠʟʜʝʣʠʡ 

ʷʚʣʷʝʪʩʷ ʧʣʘʩʪʠʯʝʩʢʘʷ ʜʝʬʦʨʤʘʮʠʷ ʧʦʚʝʨʭʥʦʩʪʠ. ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʫʧʨʦʯʥʝʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʨʠʩʪʳʭ ʜʝʪʘʣʝʡ çʨʝʟʥʦʛʦè ʪʠʧʘ ʷʚʣʷʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʫʧʨʦʯʥʝʥʠʝ ʢʘʢ ʠʭ 

ʥʘʨʫʞʥʦʡ, ʪʘʢ ʠ ʚʥʫʪʨʝʥʥʝʡ ʢʨʫʛʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚʘʣʠʢʘʤʠ. ɺ ʭʦʜʝ ʧʦʰʘʛʦʚʦʡ ʧʨʦʢʘʪʢʠ ʠ 

ʧʨʦʢʘʪʢʠ ʥʘʨʫʞʥʘʷ ʠ ʚʥʫʪʨʝʥʥʷʷ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʟʥʦʡ ʜʝʪʘʣʠ ʥʘʭʦʜʷʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ 

ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʩʞʘʪʠʷ, ʢʦʥʪʘʢʪʠʨʫʷ ʩ ʚʳʩʦʢʦʧʨʦʯʥʳʤʠ ʚʘʣʠʢʘʤʠ (ʠʥʩʪʨʫʤʝʥʪʦʤ), ʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦʜʚʝʨʛʘʶʪʩʷ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʟʤʝʨʘ ʢʨʫʧʥʳʭ ʧʦʨ 

ʠ ʫʩʪʨʘʥʝʥʠʝʤ ʤʝʣʢʠʭ ʧʦʨ. ʄʠʢʨʦʰʝʨʦʭʦʚʘʪʦʩʪʴ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʥʘʤʠ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʩʛʣʘʞʠʚʘʝʪʩʷ ʧʫʪʝʤ ʫʜʘʣʝʥʠʷ ʤʠʢʨʦʚʳʩʪʫʧʦʚ ʠ ʟʘʧʦʣʥʝʥʠʷ ʤʠʢʨʦʫʛʣʫʙʣʝʥʠʡ. ʆʩʥʦʚʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʨʝʞʠʤʘ ʫʧʨʦʯʥʝʥʠʷ ʧʨʠ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʷʚʣʷʶʪʩʷ ʜʘʚʣʝʥʠʝ ʚ ʟʦʥʝ 

ʢʦʥʪʘʢʪʘ ʨʦʣʠʢʘ ʩ ʤʘʪʨʠʮʝʡ, ʢʦʣʠʯʝʩʪʚʦ ʝʛʦ ʧʨʦʭʦʜʦʚ, ʧʦʜʘʯʘ ʠ ʩʢʦʨʦʩʪʴ ʨʦʣʠʢʘ. ɻʣʫʙʠʥʘ 

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʘʚʣʝʥʠʝʤ ʧʨʦʢʘʪʢʠ. 

ʇʦ ʧʨʝʜʣʦʞʝʥʥʦʡ ʩʭʝʤʝ ʛʣʘʜʢʠʝ ʨʦʣʠʢʠ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʟʘʢʘʣʠʚʘʝʤʳʝ, ʧʦʜʚʦʜʷʪʩʷ ʢ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚʨʘʱʘʶʱʝʡʩʷ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʦʨʠʩʪʦʡ ʤʘʪʨʠʮʳ ʠ ʜʝʬʦʨʤʠʨʫʶʪ ʝʝ 

ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʨʘʙʦʯʝʛʦ ʜʘʚʣʝʥʠʷ (50 ʄʇʘ). ʇʨʦʜʦʣʴʥʘʷ ʧʦʜʘʯʘ ʨʦʣʠʢʦʚ 

ʧʦʟʚʦʣʷʝʪ ʦʙʨʘʙʘʪʳʚʘʪʴ ʚʩʶ ʤʘʪʨʠʮʫ. ɺ ʨʘʙʦʯʝʡ ʤʘʪʨʠʮʝ ʨʦʣʠʢ-ʨʘʩʧʨʝʜʝʣʠʪʝʣʴ ʟʘʢʨʝʧʣʝʥ ʥʘ 

ʢʦʥʩʦʣʴʥʦʡ ʩʪʦʡʢʝ. ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʤʘʪʨʠʮʳ ʤʝʪʦʜʦʤ ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ 

ʪʦʢʘʨʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʪʦʢʘʨʥʳʡ ʩʪʘʥ 1ɸ16. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʤʝʩʪʦ ʨʝʞʫʱʝʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚʝʨʭʥʠʡ ʠ ʥʠʞʥʠʡ ʨʦʣʠʢʦʚʳʝ ʨʘʩʧʨʝʜʝʣʠʪʝʣʠ. 

ɼʝʨʞʘʪʝʣʴ ʩʪʘʥʢʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʫʶ ʧʦʜʘʯʫ. ɺʥʫʪʨʝʥʥʠʡ ʚʘʣʴʮʦʚʦʯʥʳʡ 

ʠʥʩʪʨʫʤʝʥʪ ʫʩʪʘʥʦʚʣʝʥ ʥʘ ʟʘʜʥʝʡ ʯʘʩʪʠ ʟʘʜʥʝʛʦ ʫʧʦʨʘ. ʇʦʩʢʦʣʴʢʫ ʥʘʛʨʝʚ ʨʦʣʠʢʦʚ ʚ ʟʦʥʝ 

ʢʦʥʪʘʢʪʘ ʩ ʠʥʩʪʨʫʤʝʥʪʦʤ ʥʝʟʥʘʯʠʪʝʣʝʥ, ʠʭ ʦʭʣʘʞʜʝʥʠʝ ʥʝ ʪʨʝʙʦʚʘʣʦʩʴ. ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ 

ʪʨʝʥʠʷ ʤʝʞʜʫ ʨʦʣʠʢʘʤʠ ʠ ʦʙʨʘʙʘʪʳʚʘʝʤʳʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʢʝʨʦʩʠʥʦʚʘʷ 

ʩʤʘʟʢʘ. ʇʦʚʝʨʭʥʦʩʪʴ ʦʙʦʞʞʝʥʥʦʡ ʜʝʪʘʣʠ ʥʝ ʪʨʝʙʫʝʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʝʨʝʜ 

ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʝʡ. ʈʘʙʦʯʝʝ ʜʘʚʣʝʥʠʝ ʥʘ ʨʦʣʠʢʠ ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 10-50 ʄʇʘ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʩʚʦʡʩʪʚ ʯʫʛʫʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʇʣʦʪʥʦʩʪʴ ʠ ʧʦʨʠʩʪʦʩʪʴ ʦʙʨʘʟʮʦʚ 

ʦʧʨʝʜʝʣʷʣʠ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. ʆʙʨʘʟʮʳ ʧʨʦʧʠʪʳʚʘʣʠ ʤʘʩʣʦʤ ʍʄ-6 (ʊʋ 38-20145-

76) ʚ ʚʘʢʫʫʤʝ ʩ ʦʩʪʘʪʦʯʥʳʤ ʜʘʚʣʝʥʠʝʤ 133 ʇʘ. ʊʝʦʨʝʪʠʯʝʩʢʫʶ ʧʣʦʪʥʦʩʪʴ (ʜʢ) ʢʦʤʧʘʢʪʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʨʘʩʩʯʠʪʳʚʘʣʠ ʢʘʢ ʩʫʤʤʫ ʧʨʦʠʟʚʝʜʝʥʠʡ ʧʣʦʪʥʦʩʪʝʡ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ (ʞʝʣʝʟʘ 

ʠ ʯʫʛʫʥʘ) ʧʦ ʢʦʵʬʬʠʮʠʝʥʪʘʤ ʠʭ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʚ ʩʦʩʪʘʚʝ, ʧʦ ʜʘʥʥʳʤ ʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʢʦʤʧʦʥʝʥʪʘʭ. ɼʣʷ ʤʘʪʝʨʠʘʣʘ çʞʝʣʝʟʦ-ʯʫʛʫʥè: 
 

Ὠ ὯẗὨ ὯẗὨ̘ ̔̄̔̎, (1) 
 

ʛʜʝ k1 ʠ k2 ð ʢʦʵʬʬʠʮʠʝʥʪʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʘʩʩʦʚʦʡ ʜʦʣʝ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʩʦʩʪʘʚʝ; 

dFe ʠ d ʯʫʛʫʥ ð ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʧʣʦʪʥʦʩʪʠ ʞʝʣʝʟʘ ʠ ʯʫʛʫʥʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʤʘʩʩʳ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ʟʘʤʘʯʠʚʘʥʠʷ ʦʧʨʝʜʝʣʠʣʠ ʠʭ ʤʘʩʩʦʚʫʶ ʠ ʦʙʲʝʤʥʫʶ 

ʤʘʩʣʦʧʦʛʣʦʱʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦ ʩʣʝʜʫʶʱʠʤ ʬʦʨʤʫʣʘʤ: 
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ὓ̋ ̗Ȣ̓ ẗρππϷ, (2) 

 

ὓ̏ ̛̂̆̍
ẗ Ϸ

ẗ
, (3) 

 

ʛʜʝ m1 ð ʤʘʩʩʘ ʠʟʜʝʣʠʷ ʜʦ ʧʨʦʧʠʪʢʠ, q; m2 ð ʤʘʩʩʘ ʠʟʜʝʣʠʷ ʧʦʩʣʝ ʧʨʦʧʠʪʢʠ ʤʘʩʣʦʤ, q; 

m3 ð ʤʘʩʩʘ ʠʟʜʝʣʠʷ, ʚʟʚʝʰʝʥʥʘʷ ʚ ʚʦʜʝ ʧʦʩʣʝ ʧʨʦʧʠʪʢʠ, q; cm ð ʧʣʦʪʥʦʩʪʴ ʤʘʩʣʘ, q/cmį. ɺ 

ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ ʪʨʠ ʦʙʨʘʟʮʘ ʠʟ ʢʘʞʜʦʡ ʧʘʨʪʠʠ. ʂʦʵʬʬʠʮʠʝʥʪ 

ʟʘʧʦʣʥʝʥʠʷ ʧʦʨ ʤʘʩʣʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 
 

ὑ
ẗẗ
ẗρππϷ, (4) 

 

ʛʜʝ KM ð ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʦʣʥʝʥʠʷ ʧʦʨ ʤʘʩʣʦʤ; V ð ʦʙʲʝʤ ʦʙʨʘʟʮʦʚ, ʤį; n ð 

ʧʦʨʠʩʪʦʩʪʴ ʦʙʨʘʟʮʦʚ, %. ʂʦʵʬʬʠʮʠʝʥʪ ʟʘʧʦʣʥʝʥʠʷ ʧʦʨ ʤʘʩʣʦʤ ʥʝ ʜʦʣʞʝʥ ʙʳʪʴ ʤʝʥʴʰʝ 75-

95%. ʄʘʩʣʦʧʦʛʣʦʱʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʦʧʠʪʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʦʧʨʝʜʝʣʷʣʘʩʴ ʤʝʪʦʜʦʤ 

ʚʟʚʝʰʠʚʘʥʠʷ, ʧʨʦʧʠʪʢʠ ʤʘʩʣʦʤ ʠ ʦʙʝʟʞʠʨʠʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ʧʨʠʛʦʪʦʚʣʝʥʠʷ. ɼʣʷ ʵʪʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʘʧʧʘʨʘʪ ʉʦʢʩʣʝʪʘ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʚʝʩʳ BLR-200 ʩ ʪʦʯʥʦʩʪʴʶ ʚʟʚʝʰʠʚʘʥʠʷ 

Ñ0,001 ʛ. ʇʨʦʧʠʪʘʥʥʳʡ ʤʘʩʣʦʤ ʦʙʨʘʟʝʮ ʚʟʚʝʰʠʚʘʣʠ, ʟʘʪʝʤ ʧʦʤʝʱʘʣʠ ʚ ʘʧʧʘʨʘʪ ʉʦʢʩʣʝʪʘ ʠ 

ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʝʥʟʦʣʘ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ B-70. ʇʦʩʣʝ ʠʟʚʣʝʯʝʥʠʷ 

ʤʘʩʣʘ ʦʙʨʘʟʝʮ ʧʦʤʝʱʘʣʠ ʚ ʩʫʰʠʣʴʥʳʡ ʰʢʘʬ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 100-1200 ɼʞ ʥʘ 3,6 ʯ ʜʣʷ 

ʫʜʘʣʝʥʠʷ ʧʘʨʦʚ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʦʩʪʘʚʰʠʭʩʷ ʚ ʝʛʦ ʧʦʨʘʭ. ʇʫʪʝʤ ʧʦʚʪʦʨʝʥʠʷ ʵʢʩʪʨʘʢʮʠʠ ʠ ʩʫʰʢʠ 

ʤʘʩʣʦ ʫʜʘʣʷʣʠ ʚ ʪʘʢʦʡ ʩʪʝʧʝʥʠ, ʯʪʦ ʨʘʟʥʠʮʘ ʚ ʚʝʩʝ ʦʙʨʘʟʮʘ ʜʦ ʠ ʧʦʩʣʝ ʩʫʰʢʠ ʩʦʩʪʘʚʣʷʣʘ ʜʦ 

0,1%. ɿʘʪʝʤ ʦʙʝʟʞʠʨʝʥʥʳʡ ʠ ʚʳʩʫʰʝʥʥʳʡ ʦʙʨʘʟʝʮ ʧʦʛʨʫʞʘʣʠ ʚ ʨʘʩʧʣʘʚʣʝʥʥʳʡ ʧʘʨʘʬʠʥ. 

ʇʦʩʣʝ ʵʪʦʛʦ ʝʛʦ ʩʞʠʛʘʣʠ ʜʣʷ ʨʘʩʪʚʦʨʝʥʠʷ ʧʘʨʘʬʠʥʘ, ʧʨʠʣʠʧʰʝʛʦ ʢ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ, ʠ 

ʟʘʤʘʯʠʚʘʣʠ ʚ ʚʦʜʝ. ʂʦʣʠʯʝʩʪʚʦ ʤʘʩʣʘ ʚʳʨʘʞʘʣʦʩʴ ʚ ʦʙʲʝʤʥʳʭ ʧʨʦʮʝʥʪʘʭ ʤʘʩʣʘ, ʧʦʛʣʦʱʝʥʥʦʛʦ 

ʦʙʨʘʟʮʦʤ. ʆʥʦ ʦʧʨʝʜʝʣʷʣʦʩʴ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 
 

ὓ
ẗ
ẗρππϷ, (5) 

 

ʛʜʝ M ð ʢʦʣʠʯʝʩʪʚʦ ʤʘʩʣʘ, ʚ %; m0 ð ʤʘʩʩʘ ʦʙʝʟʞʠʨʝʥʥʦʛʦ ʦʙʨʘʟʮʘ, ʛ-ʣ; m1 ð ʤʘʩʩʘ 

ʦʙʨʘʟʮʘ, ʧʨʦʧʠʪʘʥʥʦʛʦ ʤʘʩʣʦʤ, ʛ-ʣ; m2 ð ʤʘʩʩʘ ʦʙʨʘʟʮʘ, ʧʨʦʧʠʪʘʥʥʦʛʦ ʧʘʨʘʬʠʥʦʤ, ʛ-ʣ; m3 ð 

ʤʘʩʩʘ ʦʙʨʘʟʮʘ, ʧʨʦʧʠʪʘʥʥʦʛʦ ʧʘʨʘʬʠʥʦʤ ʚ ʚʦʜʝ, ʛ-ʣ; d ð ʧʣʦʪʥʦʩʪʴ ʤʘʩʣʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ, ʛ/ʩʤį. 

ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʧʨʝʜʝʣʷʣʠ ʥʘ ʧʨʠʟʤʘʪʠʯʝʩʢʠʭ ʦʙʨʘʟʮʘʭ (10ʭ10ʭ55 ʤʤ) ʠ 

ʜʝʪʘʣʷʭ. ʊʚʝʨʜʦʩʪʴ ʦʧʨʝʜʝʣʷʣʠ ʥʘ ʪʚʝʨʜʦʤʝʨʝ ʈʦʢʚʝʣʣʘ ʊʂ-2ʄ ʧʦ ʩʪʘʥʜʘʨʪʫ ɼʋʀʉʊ 9013-59. 

ʕʪʘ ʦʧʝʨʘʮʠʷ ʧʨʦʚʦʜʠʣʘʩʴ ʧʦʩʣʝ ʜʚʫʢʨʘʪʥʦʛʦ ʟʘʧʝʢʘʥʠʷ ʠ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʦʙʨʘʟʮʦʚ. 

ʇʝʨʝʜ ʠʟʤʝʨʝʥʠʝʤ ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʠʨʦʚʘʣʠ ʥʘʞʜʘʯʥʦʡ ʙʫʤʘʛʦʡ ʄ-40 ʥʘ ʰʣʠʬʦʚʘʣʴʥʦʤ 

ʩʪʘʥʢʝ 3881. ʊʚʝʨʜʦʩʪʴ ʟʘʧʝʯʝʥʥʳʭ ʠ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʠ ʜʝʪʘʣʝʡ ʠʟʤʝʨʷʣʠ ʧʦ 

ʰʢʘʣʝ ɺ. 

ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ ʦʙʨʘʟʮʦʚ ʦʧʨʝʜʝʣʷʣʠ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ DUIST 1497-84 ʤʝʪʦʜʦʤ ʠʩʧʳʪʘʥʠʡ ʥʘ ʨʘʩʪʷʞʝʥʠʝ. ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʥʘ ʠʟʛʠʙ 

ʦʧʨʝʜʝʣʷʣʠ ʥʘ ʨʘʟʨʳʚʥʦʡ ʤʘʰʠʥʝ ʇ-10 (ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ DUIST 1828-85), ʘ ʫʜʘʨʥʫʶ ʚʷʟʢʦʩʪʴ 

ð ʥʘ ʤʘʰʠʥʝ ʂʄ-30 ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ DUIST 9654-78. 

ʄʠʢʨʦʩʪʨʫʢʪʫʨʫ ʦʙʦʞʞʝʥʥʳʭ ʠ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʠʟʫʯʘʣʠ ʩ ʧʦʤʦʱʴʶ 

ʦʧʪʠʯʝʩʢʠʭ ʤʠʢʨʦʩʢʦʧʦʚ PME OLYMPUS (ʗʧʦʥʠʷ) ʠ Neofot 21 (ɸɼʈ). ʇʝʨʚʦʥʘʯʘʣʴʥʦ 

ʦʙʨʘʟʮʳ ʧʦʣʠʨʦʚʘʣʠ ʥʘ ʧʣʦʩʢʦʰʣʠʬʦʚʘʣʴʥʦʤ ʩʪʘʥʢʝ ʤʦʜʝʣʠ 3881 ʥʘʞʜʘʯʥʦʡ ʙʫʤʘʛʦʡ ʩ 

ʧʦʩʪʝʧʝʥʥʦ ʫʤʝʥʴʰʘʶʱʠʤʩʷ ʨʘʟʤʝʨʦʤ ʟʝʨʥʘ ʦʪ ʄ40 ʜʦ ʄ10. ʇʦʣʠʨʦʚʢʫ ʩʨʝʟʦʚ ʧʨʦʚʦʜʠʣʠ ʥʘ 

ʧʦʣʠʨʦʚʘʣʴʥʦʤ ʩʪʘʥʢʝ ʤʦʜʝʣʠ 3881 B, ʥʘʥʦʩʷ ʥʘ ʥʠʭ ʧʦʣʠʨʦʚʘʣʴʥʫʶ ʩʤʝʩʴ ï ʦʢʩʠʜ ʭʨʦʤʘ, 

ʩʤʦʯʝʥʥʳʡ ʚ ʚʦʜʝ, ï ʯʝʨʝʟ ʚʦʡʣʦʢ. ʇʦʩʣʝ ʧʦʣʠʨʦʚʢʠ ʦʙʨʘʟʮʳ ʧʨʦʤʳʚʘʣʠ ʚʦʜʦʡ, ʟʘʪʝʤ ʦʯʠʱʘʣʠ 
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ʩʧʠʨʪʦʤ ʠ ʚʳʩʫʰʠʚʘʣʠ ʬʠʣʴʪʨʦʚʘʣʴʥʦʡ ʙʫʤʘʛʦʡ. ʄʠʢʨʦʩʪʨʫʢʪʫʨʫ ʦʙʨʘʟʮʦʚ ʠʟʫʯʘʣʠ 

ʪʨʘʚʣʝʥʠʝʤ ʚ 4% ʨʘʩʪʚʦʨʝ HNO3 ʚ ʵʪʠʣʦʚʦʤ ʩʧʠʨʪʝ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚ 100-400 ʨʘʟ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʭʠʤʠʯʝʩʢʦʡ ʤʠʢʨʦʛʝʪʝʨʦʛʝʥʥʦʩʪʠ ʩʧʣʘʚʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʢʘʥʠʨʫʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ʤʘʨʢʠ TESLA BJ-300. ʉ ʧʦʤʦʱʴʶ ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʘʯʝʩʪʚʝʥʥʳʝ ʜʘʥʥʳʝ ʦ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʵʣʝʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚ ʦʪʜʝʣʴʥʳʭ ʦʙʣʘʩʪʷʭ ʦʙʨʘʟʮʘ. ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʤʝʪʦʜʳ ʫʧʨʦʯʥʷʶʱʝʡ ʦʙʨʘʙʦʪʢʠ ʨʘʙʦʯʠʭ ʩʣʦʝʚ ʯʫʛʫʥʥʳʭ ʠʟʜʝʣʠʡ ʷʚʣʷʶʪʩʷ ʯʨʝʟʚʳʯʘʡʥʦ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ. ʈʘʟʚʠʪʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠ ʧʨʠʤʝʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʵʪʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʟʚʦʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʠʪʴ ʘʩʩʦʨʪʠʤʝʥʪ ʯʫʛʫʥʥʳʭ ʠʟʜʝʣʠʡ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ. ɺʦʟʤʦʞʥʦ ʜʦʩʪʠʞʝʥʠʝ ʚʳʩʦʢʦʛʦ ʪʝʭʥʠʢʦ-ɻ ʢʦʥʦʤʠʯʝʩʢʦʛʦ 

ʵʬʬʝʢʪʘ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʵʢʦʥʦʤʠʶ ʥʘ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʣʝʛʠʨʦʚʘʥʥʳʭ ʯʫʛʫʥʥʳʭ ʤʘʪʝʨʠʘʣʘʭ. 

ʆʜʥʘʢʦ ʨʘʟʥʦʦʙʨʘʟʠʝ ʧʨʦʮʝʩʩʦʚ ʦʙʨʘʙʦʪʢʠ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʠ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʧʣʘʩʪʠʯʝʩʢʘʷ 

ʜʝʬʦʨʤʘʮʠʷ ʧʦʨʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʤʝʝʪ ʙʦʣʝʝ ʩʣʦʞʥʳʡ ʤʝʭʘʥʠʟʤ, ʜʠʢʪʫʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʘʥʘʣʠʪʠʯʝʩʢʦʤʫ ʦʧʠʩʘʥʠʶ ʧʣʘʩʪʠʯʥʦʩʪʠ ʧʦʨʠʩʪʦʛʦ ʪʝʣʘ, 

ʫʯʠʪʳʚʘʶʱʝʛʦ ʬʘʢʪʠʯʝʩʢʫʶ ʜʝʬʦʨʤʘʮʠʶ ʤʘʪʝʨʠʘʣʴʥʦʡ ʦʩʥʦʚʳ. ʂʨʦʤʝ ʪʦʛʦ, ʥʝʦʙʭʦʜʠʤʦ 

ʫʩʪʘʥʦʚʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʥʘʧʨʷʞʝʥʠʷʤʠ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʧʦʨʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʜ 

ʜʘʚʣʝʥʠʝʤ. ʇʣʘʩʪʠʯʝʩʢʘʷ ʜʝʬʦʨʤʘʮʠʷ ʧʦʨʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ 

ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ ʬʠʢʩʠʨʦʚʘʥʥʳʤʠ ʪʦʯʢʘʤʠ ʧʨʠ ʝʛʦ ʦʙʨʘʙʦʪʢʝ ʜʘʚʣʝʥʠʝʤ. ʇʨʠ ʵʪʦʤ 

ʠʟʤʝʥʷʶʪʩʷ ʨʘʟʤʝʨʳ ʠ ʬʦʨʤʘ ʤʘʪʝʨʠʘʣʘ. ɽʝ ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ ʦʪʣʠʯʠʝ ʦʪ ʜʝʬʦʨʤʘʮʠʠ 

ʢʦʤʧʘʢʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʦʢʘʪʢʦʡ, ʣʠʪʴʝʤ ʠ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ, ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʪʦʤ, ʯʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʬʦʨʤʦʚʘʥʠʝ ʠʟʜʝʣʠʷ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʬʦʨʤʘʮʠʠ ʤʝʪʘʣʣʘ 

ʯʘʩʪʠʮ ʠ ʧʦʨ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʢ ʤʝʭʘʥʠʢʝ ʧʦʨʠʩʪʳʭ ʪʝʣ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʦʩʥʦʚʥʳʝ 

ʧʦʣʦʞʝʥʠʷ ʤʝʭʘʥʠʢʠ ʚʩʝʡ ʩʨʝʜʳ. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʧʦʨʳ 

ʠʛʨʘʶʪ ʨʦʣʴ ʬʘʟʳ, ʘ ʧʦʜ ʯʘʩʪʠʮʘʤʠ ʤʘʪʝʨʠʘʣʘ ʧʦʥʠʤʘʶʪʩʷ ʦʙʣʘʩʪʠ, ʩʦʜʝʨʞʘʱʠʝ ʧʦʨʳ ʠ 

ʯʘʩʪʠʮʳ ʤʝʪʘʣʣʘ [2, 3]. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʨʘʟʨʘʙʦʪʢʘ ʧʦʨʠʩʪʳʭ ʪʝʣ ʧʨʦʠʩʭʦʜʠʪ ʚ ʦʩʥʦʚʥʦʤ ʚ ʤʝʭʘʥʠʢʦ-

ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ (ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʦʤ) ʥʘʧʨʘʚʣʝʥʠʠ, ʪʦ ʝʩʪʴ ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʤʝʭʘʥʠʢʦʡ ʮʝʣʳʭ 

ʩʨʝʜ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʫʨʘʚʥʝʥʠʷ ʬʦʨʤʫʣʠʨʫʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʘ ʨʝʰʝʥʠʝ ʚʥʝʰʥʠʭ 

ʟʘʜʘʯ ʧʨʠʚʦʜʠʪ ʢ ʠʟʫʯʝʥʠʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʡ, ʧʦʠʩʢʫ ʟʘʚʠʩʠʤʦʩʪʝʡ 

ʤʝʞʜʫ ʦʧʨʝʜʝʣʷʝʤʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʪʝʣʘ 

(ʧʣʦʪʥʦʩʪʴ, ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ, ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ, ʵʣʝʢʪʨʦ- ʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ) ʠ ʚʥʝʰʥʝ 

ʢʦʥʪʨʦʣʠʨʫʝʤʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ (ʜʘʚʣʝʥʠʝ, ʪʝʤʧʝʨʘʪʫʨʘ, ʥʘʯʘʣʴʥʘʷ ʧʦʨʠʩʪʦʩʪʴ, ʩʢʦʨʦʩʪʴ 

ʜʝʬʦʨʤʘʮʠʠ) [4]. 

ʆʜʥʘʢʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʤʠʢʨʦʤʝʭʘʥʠʟʤ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʯʘʩʪʠʮ ʠ ʝʛʦ ʢʠʥʝʪʠʢʘ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʘʨʘʤʝʪʨʳ 

ʤʠʢʨʦʜʝʬʦʨʤʘʮʠʡ, ʢʦʪʦʨʳʝ ʤʳ ʦʧʨʝʜʝʣʷʝʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, ʥʦʩʷʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʢʘʯʝʩʪʚʝʥʥʳʡ ʭʘʨʘʢʪʝʨ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʬʠʟʠʯʝʩʢʘʷ ʦʩʥʦʚʘ ʧʣʘʩʪʠʯʝʩʢʦʡ 

ʜʝʬʦʨʤʘʮʠʠ ʤʝʪʘʣʣʘ ʦʙʷʟʘʪʝʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʤʝʭʘʥʠʟʤʘ ʜʝʬʦʨʤʘʮʠʠ ʧʦʨ. ʕʢʩʧʝʨʠʤʝʥʪʳ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʤʝʭʘʥʠʯʝʩʢʠʝ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ, ʬʠʟʠʯʝʩʢʠʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ 

ʧʦʨʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ ʟʘʚʠʩʷʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʚʝʣʠʯʠʥʳ ʧʦʨʠʩʪʦʩʪʠ, ʥʦ ʠ ʦʪ ʬʦʨʤʳ ʠ ʨʘʟʤʝʨʘ ʧʦʨ, 

ʩʪʝʧʝʥʠ ʩʦʚʝʨʰʝʥʩʪʚʘ ʤʝʞʯʘʩʪʠʯʥʦʛʦ ʢʦʥʪʘʢʪʘ, ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʨ, ʩʦʩʪʦʷʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʮ, ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠʟʜʝʣʠʡ ʠ ʪ. ʜ. ʕʪʦ ʥʝ 

ʦʪʨʘʞʝʥʦ ʚ ʤʝʭʘʥʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʧʦʜʭʦʜʝ. ʅʘʧʨʠʤʝʨ, ʚ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʭ ʫʨʘʚʥʝʥʠʷʭ 

ʧʣʘʩʪʠʯʥʦʩʪʠ, ʬʫʥʢʮʠʷʭ ʧʦʨʠʩʪʦʩʪʠ ʠ ʜʨʫʛʠʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʳʨʘʞʝʥʠʷʭ ʵʪʠ ʬʘʢʪʦʨʳ ʥʝ 

ʫʯʠʪʳʚʘʶʪʩʷ ʚ ʧʦʣʥʦʡ ʤʝʨʝ [5].  

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚ ʩʫʱʝʩʪʚʫʶʱʝʡ ʣʠʪʝʨʘʪʫʨʝ ʦʪʩʫʪʩʪʚʫʝʪ ʠʥʬʦʨʤʘʮʠʷ ʦ ʤʝʭʘʥʠʟʤʝ 

ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʟʘʧʝʯʝʥʥʳʭ ʬʠʩʪʘʰʝʢ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʧʦʨʠʩʪʦʛʦ ʩʦʩʪʘʚʘ 
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çʞʝʣʝʟʥʦʡ ʨʫʜʳè ʩ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʦʡ ʩʨʝʜʦʡ, ʢʦʪʦʨʳʡ ʤʳ ʥʘʤʝʨʝʥʳ ʩʦʟʜʘʪʴ. ʇʦʵʪʦʤʫ 

ʚʩʝʩʪʦʨʦʥʥʝʝ ʠʟʫʯʝʥʠʝ ʷʚʣʝʥʠʡ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʪʘʢʠʭ ʬʠʩʪʘʰʢʘʭ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʠʭ 

ʧʦʚʝʨʭʥʦʩʪʴ ʭʦʣʦʜʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ, ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʥʘʫʯʥʦʝ ʠ ʧʨʘʢʪʠʯʝʩʢʦʝ 

ʟʥʘʯʝʥʠʝ. ʀʤʝʥʥʦ ʚ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ ʧʦʜʭʦʜ ʠ ʧʨʦʚʝʜʝʥʠʝ ʥʘʫʯʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʶʪ 

ʘʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʦʡ ʩʪʘʪʴʠ. 

 

ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʫʧʨʦʯʥʝʥʠʝ ʧʦʨʠʩʪʳʭ ʠʟʜʝʣʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʘʤʠ ʣʝʛʠʨʦʚʘʥʠʷ ʤʝʪʘʣʣʫʨʛʠʠ, ʧʫʪʝʤ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʠʤʝʝʪ ʩʣʦʞʥʳʡ ʤʥʦʛʦʬʘʢʪʦʨʥʳʡ ʤʝʭʘʥʠʟʤ, 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʦʪʣʠʯʘʶʱʠʡʩʷ ʦʪ ʧʨʦʮʝʩʩʦʚ ʫʧʨʦʯʥʝʥʠʷ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʤʦʥʦʣʠʪʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. ʕʪʠ ʨʘʟʣʠʯʠʷ ʦʙʫʩʣʦʚʣʝʥʳ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʘʢʪʠʚʥʳʤ ʫʯʘʩʪʠʝʤ ʧʦʨ ʚʦ ʚʥʫʪʨʝʥʥʝʡ 

ʩʪʨʫʢʪʫʨʝ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʜʝʬʦʨʤʘʮʠʠ ʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʥʘʛʨʫʟʢʠ ʤʝʞʜʫ ʦʩʥʦʚʘʥʠʝʤ 

ʤʘʪʝʨʠʘʣʘ ʠ ʧʦʨʠʩʪʦʡ ʬʘʟʦʡ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʤʝʪʦʜʦʚ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ, ʪʘʢʠʭ ʢʘʢ ʧʝʨʝʢʘʪʢʘ ʠ ʥʝʜʦʢʘʪʢʘ, ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ 

ʩʣʦʝ ʧʦʨʠʩʪʳʭ ʜʝʪʘʣʝʡ çʨʝʟʥʦʛʦè ʪʠʧʘ ʧʨʦʠʩʭʦʜʠʪ ʠʥʪʝʥʩʠʚʥʳʡ ʧʨʦʮʝʩʩ ʫʧʣʦʪʥʝʥʠʷ. ʕʪʦʪ 

ʧʨʦʮʝʩʩ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʟʤʝʨʘ ʢʨʫʧʥʳʭ ʧʦʨ ʠ ʯʘʩʪʠʯʥʳʤ ʠʣʠ ʧʦʣʥʳʤ 

ʫʩʪʨʘʥʝʥʠʝʤ ʤʝʣʢʠʭ ʧʦʨ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʬʘʢʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʧʣʦʱʘʜʴ ʢʦʥʪʘʢʪʘ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ ʨʘʩʰʠʨʷʝʪʩʷ, ʘ ʥʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 

ʤʘʪʝʨʠʘʣʘ ʚʦʟʨʘʩʪʘʝʪ. ʕʪʦʪ ʬʘʢʪ ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ: ʚ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʘʭ ʥʘʙʣʶʜʘʣʘʩʴ ʙʦʣʝʝ ʦʜʥʦʨʦʜʥʘʷ ʩʪʨʫʢʪʫʨʘ, 

ʫʤʝʥʴʰʝʥʥʘʷ ʧʦʨʠʩʪʦʩʪʴ ʠ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʚʦʣʦʢʥʘ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʪʝʯʝʥʠʷ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʫʧʨʦʯʥʝʥʠʝ ʚ 

ʧʨʦʮʝʩʩʝ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʥʝ ʪʦʣʴʢʦ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ 

ʧʦʨʠʩʪʦʩʪʠ. ʇʘʨʘʣʣʝʣʴʥʦ ʧʨʦʠʩʭʦʜʠʪ ʠ ʧʣʘʩʪʠʯʝʩʢʦʝ ʫʧʨʦʯʥʝʥʠʝ ʤʘʪʝʨʠʘʣʴʥʦʡ ʙʘʟʳ, 

ʩʚʷʟʘʥʥʦʝ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʣʦʪʥʦʩʪʠ ʜʠʩʣʦʢʘʮʠʡ, ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝʤ 

ʜʠʩʣʦʢʘʮʠʦʥʥʳʭ ʩʪʨʫʢʪʫʨ. ʕʪʦʪ ʬʘʢʪ ʝʱʝ ʨʘʟ ʧʦʜʪʚʝʨʞʜʘʝʪ ʦʜʠʥ ʠʟ ʛʣʘʚʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʦʜʝʣʝʡ ʧʣʘʩʪʠʯʥʦʩʪʠ ð ʥʝʩʧʦʩʦʙʥʦʩʪʴ ʫʯʠʪʳʚʘʪʴ ʫʧʨʦʯʥʝʥʠʝ ʤʘʪʝʨʠʘʣʴʥʦʡ 

ʙʘʟʳ. ʈʝʟʫʣʴʪʘʪʳ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦʢʘʟʘʪʝʣʠ ʪʚʝʨʜʦʩʪʠ ʦʙʨʘʟʮʦʚ, 

ʧʦʜʚʝʨʛʥʫʪʳʭ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʶʪ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʠʩʭʦʜʥʳʤ ʟʘʧʝʯʝʥʥʳʤ ʩʦʩʪʦʷʥʠʝʤ. ʇʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʣʦʩʴ ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʥʘ 

ʨʘʩʪʷʞʝʥʠʝ ʠ ʩʦʭʨʘʥʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʜʣʠʥʝʥʠʷ ʜʦ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʨʝʜʝʣʘ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʙʘʣʘʥʩ ʧʨʦʯʥʦʩʪʠ ʠ ʧʣʘʩʪʠʯʥʦʩʪʠ ʥʝ ʙʳʣ ʥʘʨʫʰʝʥ. ʆʪʩʫʪʩʪʚʠʝ 

ʨʝʟʢʦʛʦ ʩʥʠʞʝʥʠʷ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ ʜʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʫʧʨʦʯʥʝʥʠʝ ʥʝ ʚʳʟʚʘʣʦ 

ʦʭʨʫʧʯʠʚʘʥʠʷ ʠ ʯʪʦ ʧʨʦʮʝʩʩ ʙʳʣ ʧʨʦʚʝʜʝʥ ʚ ʧʨʘʚʠʣʴʥʦ ʧʦʜʦʙʨʘʥʥʳʭ ʨʝʞʠʤʘʭ. ʆʧʪʠʤʘʣʴʥʳʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ (ʜʘʚʣʝʥʠʝ ʢʦʥʪʘʢʪʘ ʨʦʣʠʢʘ, ʧʦʜʘʯʘ, ʩʢʦʨʦʩʪʴ ʠ ʢʦʣʠʯʝʩʪʚʦ 

ʧʨʦʭʦʜʦʚ), ʦʧʨʝʜʝʣʝʥʥʳʝ ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʤʠʥʠʤʠʟʠʨʦʚʘʣʠ ʨʠʩʢ ʨʘʩʩʣʦʝʥʠʷ ʠ 

ʤʠʢʨʦʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʚ ʯʘʩʪʥʦʩʪʠ, ʯʪʦ ʥʘʣʠʯʠʝ 

ʧʦʨ ʧʦʟʚʦʣʠʣʦ ʤʘʪʝʨʠʘʣʫ ʣʝʛʯʝ ʪʝʯʴ ʚʦ ʚʨʝʤʷ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ, ʯʪʦ ʧʨʝʜʦʪʚʨʘʪʠʣʦ 

ʧʦʚʨʝʞʜʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ, ʭʘʨʘʢʪʝʨʥʦʝ ʜʣʷ ʤʦʥʦʣʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʕʪʦʪ ʬʘʢʪ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʦʨʠʩʪʳʭ ʩʪʷʞʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ 

ʧʦʚʝʨʭʥʦʩʪʠ [14]. 

ʉʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʘʤʢʘʭ ʧʨʝʜʣʦʞʝʥʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, 

ʩ ʠʤʝʶʱʠʤʠʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʧʦʜʪʚʝʨʞʜʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʮʝʥʢʠ 

ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʧʦʨʠʩʪʦʛʦ ʪʝʣʘ ʢʘʢ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʟʤʝʥʝʥʠʷ ʧʦʨʠʩʪʦʩʪʠ, ʪʘʢ ʠ 

ʫʧʨʦʯʥʝʥʠʷ ʤʘʪʝʨʠʘʣʴʥʦʡ ʦʩʥʦʚʳ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʩʦʟʜʘʝʪ ʙʦʣʝʝ ʘʜʝʢʚʘʪʥʫʶ ʪʝʦʨʝʪʠʯʝʩʢʫʶ 



ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ / Bulletin of Science and Practice 

https://www.bulletennauki.ru 

ʊ. 12. ˉ3 2026 

https://doi.org/10.33619/2414-2948/124 

 

 ʊʠʧ ʣʠʮʝʥʟʠʠ CC: Attribution 4.0 International (CC BY 4.0) 108 

ʦʩʥʦʚʫ ʜʣʷ ʥʘʫʯʥʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ 

ʧʦʚʝʨʭʥʦʩʪʠ. ɺ ʮʝʣʦʤ, ʦʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʫʧʨʦʯʥʝʥʠʝ 

ʧʦʨʠʩʪʳʭ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʫʪʝʤ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ð ɻ ʪʦ 

ʧʨʦʮʝʩʩ, ʪʨʝʙʫʶʱʠʡ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʥʝ ʪʦʣʴʢʦ ʩ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ, ʥʦ ʠ ʩ ʪʝʦʨʝʪʠʯʝʩʢʦʡ 

ʪʦʯʢʠ ʟʨʝʥʠʷ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʦʟʜʘʶʪ ʨʝʘʣʴʥʫʶ ʦʩʥʦʚʫ ʜʣʷ ʚʦʩʧʦʣʥʝʥʠʷ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʥʘʫʯʥʳʭ ʧʨʦʙʝʣʦʚ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ, ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ ʠ ʨʘʩʰʠʨʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ ʧʦʨʠʩʪʳʭ ʠʟʜʝʣʠʡ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ. 

ɺ ʟʘʢʣʶʯʝʥʠʠ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 

ʫʧʨʦʯʥʝʥʠʝ ʧʦʨʠʩʪʳʭ ʠʟʜʝʣʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʘʤʠ ʣʝʛʠʨʦʚʘʥʠʷ, ʧʫʪʝʤ ʧʦʚʝʨʭʥʦʩʪʥʦʡ 

ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʥʘʧʨʘʚʣʝʥʠʡ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʛʦ ʫʣʫʯʰʝʥʠʷ ʠʭ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʪʨʠʙʦʪʝʭʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ. ʇʨʦʮʝʩʩ ʫʧʨʦʯʥʝʥʠʷ ʚ ʧʦʨʠʩʪʳʭ ʤʘʪʝʨʠʘʣʘʭ ʥʝ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʪʦʣʴʢʦ ʫʤʝʥʴʰʝʥʠʝʤ 

ʧʦʨʠʩʪʦʩʪʠ, ʥʦ ʪʘʢʞʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʣʘʩʪʠʯʝʩʢʠʤ ʫʧʨʦʯʥʝʥʠʝʤ ʤʘʪʝʨʠʘʣʴʥʦʡ ʦʩʥʦʚʳ, 

ʫʧʨʦʯʥʝʥʠʝʤ ʤʝʞʯʘʩʪʠʯʥʳʭ ʢʦʥʪʘʢʪʦʚ ʠ ʧʝʨʝʩʪʨʦʡʢʦʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ. ʋʯʝʪ ʵʪʠʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʦʟʚʦʣʷʝʪ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʪʴ ʢʦʥʪʨʦʣʴ ʧʨʦʮʝʩʩʦʚ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ 

[12]. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʡ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʦʢʘʟʳʚʘʶʪ, 

ʯʪʦ ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʦʜʝʣʠ ʧʣʘʩʪʠʯʥʦʩʪʠ ʥʝ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʦʪʨʘʞʘʶʪ ʨʝʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 

ʜʝʬʦʨʤʘʮʠʠ ʧʦʨʠʩʪʦʛʦ ʪʝʣʘ, ʠ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʦʛʨʘʥʠʯʝʥʦ. ɺ ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ ʙʦʣʝʝ 

ʘʜʝʢʚʘʪʥʳʤ ʷʚʣʷʝʪʩʷ ʧʦʜʭʦʜ, ʦʮʝʥʠʚʘʶʱʠʡ ʧʣʘʩʪʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʧʦʨʠʩʪʳʭ ʪʝʣ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʢʘʢ ʠʟʤʝʥʝʥʠʷ ʧʦʨʠʩʪʦʩʪʠ, ʪʘʢ ʠ ʫʧʨʦʯʥʝʥʠʷ ʤʘʪʝʨʠʘʣʴʥʦʡ ʦʩʥʦʚʳ, ʠ ʩʦʟʜʘʶʱʠʡ 

ʥʘʜʝʞʥʫʶ ʪʝʦʨʝʪʠʯʝʩʢʫʶ ʙʘʟʫ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ 

ʧʦʚʝʨʭʥʦʩʪʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ, ʪʘʢʠʭ ʢʘʢ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʠ ʚʥʫʪʨʝʥʥʷʷ ʧʨʦʢʘʪʢʘ, 

ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʨʘʟʤʝʨʘ ʧʦʨ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʧʦʨʠʩʪʳʭ ʜʝʪʘʣʝʡ çʨʝʟʥʦʛʦè ʪʠʧʘ, 

ʫʩʪʨʘʥʝʥʠʶ ʤʝʣʢʠʭ ʧʦʨ, ʩʛʣʘʞʠʚʘʥʠʶ ʤʠʢʨʦʚʳʩʪʫʧʦʚ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʦʚʳʰʝʥʠʶ 

ʧʦʢʘʟʘʪʝʣʝʡ ʪʚʝʨʜʦʩʪʠ, ʧʨʦʯʥʦʩʪʠ ʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ. ɺʳʙʨʘʥʥʳʝ ʦʧʪʠʤʘʣʴʥʳʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʞʠʤʳ, ʧʦʤʠʤʦ ʩʥʠʞʝʥʠʷ ʨʠʩʢʘ ʨʘʩʩʣʦʝʥʠʷ ʠ ʧʦʚʨʝʞʜʝʥʠʷ ʧʦʨʠʩʪʳʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ, ʧʦʚʳʰʘʶʪ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʫʶ ʥʘʜʝʞʥʦʩʪʴ. 

ɺ ʮʝʣʦʤ, ʧʨʦʚʝʜʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʘʩʰʠʨʷʝʪ ʥʘʫʯʥʫʶ ʙʘʟʫ ʫʧʨʦʯʥʝʥʠʷ ʧʦʨʠʩʪʳʭ 

ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʫʪʝʤ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ, ʯʘʩʪʠʯʥʦ 

ʫʩʪʨʘʥʷʝʪ ʩʫʱʝʩʪʚʫʶʱʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʧʨʦʙʝʣʳ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʠ ʫʢʘʟʳʚʘʝʪ ʥʘʧʨʘʚʣʝʥʠʝ 

ʨʘʟʚʠʪʠʷ ʥʦʚʳʭ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʦʟʜʘʶʪ ʫʩʣʦʚʠʷ ʜʣʷ 

ʨʘʩʰʠʨʝʥʠʷ ʩʬʝʨʳ ʧʨʠʤʝʥʝʥʠʷ ʧʦʨʠʩʪʳʭ ʠʟʜʝʣʠʡ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʠ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʠ, 

ʧʦʟʚʦʣʷʷ ʵʢʦʥʦʤʠʪʴ ʜʦʨʦʛʦʩʪʦʷʱʠʝ ʩʧʣʘʚʳ ʠ ʜʦʩʪʠʛʘʪʴ ʚʳʩʦʢʦʡ ʪʝʭʥʠʢʦ-ɻ ʢʦʥʦʤʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩʪʘʪʴʷ ʩʣʫʞʠʪ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ ʜʣʷ ʙʫʜʫʱʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʟʘʢʣʘʜʳʚʘʷ ʬʫʥʜʘʤʝʥʪ ʜʣʷ ʙʦʣʝʝ ʛʣʫʙʦʢʦʛʦ ʠʟʫʯʝʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʧʣʘʩʪʠʯʝʩʢʦʡ 

ʜʝʬʦʨʤʘʮʠʠ ʧʦʨʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ. 
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ɸʥʥʦʪʘʮʠʷ. ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʘʨʭʠʪʝʢʪʫʨʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ 

ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʛʦʨʦʜʩʢʦʛʦ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ ʥʘ ʧʨʠʤʝʨʝ ʆʩʆʆ 

çʆʰ ʪʨʘʥʟʠʪè. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʣʘʪʬʦʨʤʳ 

.NET ʠ ʉʋɹɼ SQL Server. ʇʨʝʜʣʦʞʝʥʘ ʤʥʦʛʦʫʨʦʚʥʝʚʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʩʠʩʪʝʤʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ 

ʵʬʬʝʢʪʠʚʥʳʡ ʫʯʸʪ ʦʙʩʣʫʞʠʚʘʥʠʷ ʘʚʪʦʙʫʩʦʚ, ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ ʨʝʤʦʥʪʥʦʛʦ 

ʦʪʜʝʣʘ ʠ ʦʧʝʨʘʪʠʚʥʫʶ ʦʙʨʘʙʦʪʢʫ ʟʘʷʚʦʢ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʨʘʙʦʪ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ 

ʚʢʣʶʯʘʝʪ ʤʦʜʫʣʴ ʫʧʨʘʚʣʝʥʠʷ ʜʘʥʥʳʤʠ ʦ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚʘʭ, ʧʦʜʩʠʩʪʝʤʫ ʧʣʘʥʠʨʦʚʘʥʠʷ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʩʠʩʪʝʤʫ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʪʯʸʪʥʦʩʪʠ ʠ ʚʝʙ-ʠʥʪʝʨʬʝʡʩ ʜʣʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʪʨʘʥʩʧʦʨʪʥʳʤʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʘʚʪʦʧʘʨʢʦʤ. 

 

Abstract. This article explores the architecture of an automated system for monitoring the 

technical condition of urban transport using Osh Transit LLC as an example. Modern approaches to 

automating vehicle maintenance and repair processes using the .NET platform and SQL Server 

DBMS are considered. A multi-tiered system architecture is proposed that ensures efficient bus 

maintenance accounting, automated repair department document flow, and prompt processing of 

work requests. The developed architecture includes a vehicle data management module, a 

maintenance scheduling subsystem, a reporting system, and a web interface for user interaction. The 

research findings can be used by transport companies to improve fleet management efficiency. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʚʪʦʤʘʪʠʟʘʮʠʷ, ʤʦʥʠʪʦʨʠʥʛ ʪʨʘʥʩʧʦʨʪʘ, ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ, 

ʛʦʨʦʜʩʢʦʡ ʪʨʘʥʩʧʦʨʪ, ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ. 
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ɺ ʛʦʨʦʜʘʭ ʂʳʨʛʳʟʩʪʘʥʘ ʦʙʱʝʩʪʚʝʥʥʳʡ ʪʨʘʥʩʧʦʨʪ ʦʙʩʣʫʞʠʚʘʝʪ ʜʦ 65% ʧʘʩʩʘʞʠʨʦʧʦʪʦʢʘ. 

ɺ ʆʰʝ ʘʚʪʦʙʫʩʥʳʡ ʧʘʨʢ ʆʩʆʆ çʆʰ ʪʨʘʥʟʠʪè ʥʘʩʯʠʪʳʚʘʝʪ 127 ʝʜʠʥʠʮ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ, 

ʚʳʧʦʣʥʷʶʱʠʭ ʜʦ 850 ʨʝʡʩʦʚ ʝʞʝʜʥʝʚʥʦ. ɸʥʘʣʠʟ ʨʘʙʦʪʳ ʨʝʤʦʥʪʥʦʛʦ ʦʪʜʝʣʘ ʚʳʷʚʠʣ 

ʢʨʠʪʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ: ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ ʟʘʷʚʢʠ ʥʘ ʨʝʤʦʥʪ ʩʦʩʪʘʚʣʷʝʪ 4.2 ʜʥʷ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʩʪʦʷʤ 18-22% ʧʘʨʢʘ ʠ ʝʞʝʤʝʩʷʯʥʳʤ ʫʙʳʪʢʘʤ ʚ ʨʘʟʤʝʨʝ 2.4 ʤʣʥ ʩʦʤʦʚ [1, 2]. 

ʆʩʥʦʚʥʳʝ ʧʨʠʯʠʥʳ ʟʘʜʝʨʞʝʢ: ʙʫʤʘʞʥʳʡ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪ (ʧʦʪʝʨʷ 12-15% ʟʘʷʚʦʢ), 

ʨʫʯʥʦʡ ʫʯʝʪ ʛʨʘʬʠʢʦʚ ʊʆ (ʧʨʦʩʨʦʯʢʘ 23% ʨʝʛʣʘʤʝʥʪʥʳʭ ʨʘʙʦʪ), ʦʪʩʫʪʩʪʚʠʝ ʦʧʝʨʘʪʠʚʥʦʛʦ 

ʜʦʩʪʫʧʘ ʢ ʠʩʪʦʨʠʠ ʦʙʩʣʫʞʠʚʘʥʠʷ (ʜʫʙʣʠʨʦʚʘʥʠʝ ʨʘʙʦʪ ʚ 8% ʩʣʫʯʘʝʚ). ʉʫʱʝʩʪʚʫʶʱʠʝ ʩʠʩʪʝʤʳ 

ʤʦʥʠʪʦʨʠʥʛʘ ʪʨʘʥʩʧʦʨʪʘ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʜʠʩʧʝʪʯʝʨʩʢʦʝ ʫʧʨʘʚʣʝʥʠʝ ʠ ʥʝ ʨʝʰʘʶʪ ʟʘʜʘʯʠ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ [3-5]. 

ɸʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʝʰʝʥʠʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ 

ʦʨʠʝʥʪʠʨʦʚʘʥʦ ʣʠʙʦ ʥʘ ʜʠʩʧʝʪʯʝʨʩʢʦʝ ʫʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʝʤ ʪʨʘʥʩʧʦʨʪʘ, ʣʠʙʦ ʥʘ ʢʦʥʪʨʦʣʴ 

ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ [6, 7].  

ʇʨʠ ʵʪʦʤ ʢʦʤʧʣʝʢʩʥʳʝ ʨʝʰʝʥʠʷ, ʦʙʲʝʜʠʥʷʶʱʠʝ ʬʫʥʢʮʠʠ ʤʦʥʠʪʦʨʠʥʛʘ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ, ʧʣʘʥʠʨʦʚʘʥʠʷ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʫʯʸʪʘ ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʙʦʪ, ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʥʝʜʦʩʪʘʪʦʯʥʦ. ɿʘʨʫʙʝʞʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʠ ʧʨʝʜʠʢʪʠʚʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʦʜʥʘʢʦ ʠʭ ʘʜʘʧʪʘʮʠʷ ʢ ʫʩʣʦʚʠʷʤ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʡ ʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʢʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʨʝʰʝʥʠʡ [8, 9]. 

ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʠʩʪʝʤʳ ʘʢʪʠʚʥʦ ʚʥʝʜʨʷʶʪʩʷ ʚ ʛʦʨʦʜʘʭ ʩʪʨʘʥ ʉʅɻ ʠ 

ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ [10, 11].  

ʈʘʟʨʘʙʦʪʢʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʜʦʨʦʞʥʳʤ ʜʚʠʞʝʥʠʝʤ, 

ʥʘʚʠʛʘʮʠʦʥʥʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʠ ʩʠʩʪʝʤ ʜʠʩʧʝʪʯʝʨʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʜʘʝʪ ʧʦʚʳʩʠʪʴ 

ʢʘʯʝʩʪʚʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʥʘʩʝʣʝʥʠʷ [12].  

ʆʜʥʘʢʦ ʚʦʧʨʦʩʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʚʥʫʪʨʝʥʥʠʭ ʧʨʦʮʝʩʩʦʚ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʚ 

ʯʘʩʪʥʦʩʪʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ, ʦʩʪʘʶʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʧʨʦʨʘʙʦʪʘʥʥʳʤʠ. 

ɺʳʙʦʨ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʠʤʝʝʪ 

ʢʨʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ, ʥʘʜʸʞʥʦʩʪʠ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʨʝʰʝʥʠʷ [13, 14].  

ʇʣʘʪʬʦʨʤʘ .NET ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʧʨʠʣʦʞʝʥʠʡ, ʘ ʉʋɹɼ SQL Server ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʜʸʞʥʦʝ ʭʨʘʥʝʥʠʝ ʠ 

ʵʬʬʝʢʪʠʚʥʫʶ ʦʙʨʘʙʦʪʢʫ ʙʦʣʴʰʠʭ ʦʙʲʸʤʦʚ ʜʘʥʥʳʭ [15, 16]. 

ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʨʘʟʨʘʙʦʪʢʘ ʘʨʭʠʪʝʢʪʫʨʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ 

ʤʦʥʠʪʦʨʠʥʛʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʛʦʨʦʜʩʢʦʛʦ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ 

ʢʦʤʧʣʝʢʩʥʫʶ ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʧʨʦʮʝʩʩʦʚ ʫʯʸʪʘ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʧʣʘʥʠʨʦʚʘʥʠʷ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ 

ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʧʨʘʚʣʝʥʯʝʩʢʦʡ ʦʪʯʸʪʥʦʩʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ. 

ɸʥʘʣʠʟ ʪʨʝʙʦʚʘʥʠʡ ʢ ʩʠʩʪʝʤʝ ʤʦʥʠʪʦʨʠʥʛʘ. ʅʘ ʦʩʥʦʚʝ ʠʟʫʯʝʥʠʷ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʨʝʤʦʥʪʥʦʛʦ ʦʪʜʝʣʘ ʆʩʆʆ çʆʰ ʪʨʘʥʟʠʪè ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʢʣʶʯʝʚʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʝ. ʉʠʩʪʝʤʘ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʚʘʪʴ ʚʝʜʝʥʠʝ ʝʜʠʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ 

ʦʙʩʣʫʞʠʚʘʝʤʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʩ ʧʦʣʥʦʡ ʠʩʪʦʨʠʝʡ ʧʨʦʚʝʜʸʥʥʳʭ ʨʝʤʦʥʪʦʚ ʠ ʪʝʭʥʠʯʝʩʢʠʭ 

ʦʩʤʦʪʨʦʚ. ʅʝʦʙʭʦʜʠʤʘ ʚʦʟʤʦʞʥʦʩʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʨʘʬʠʢʦʚ ʧʣʘʥʦʚʦ-

ʧʨʝʜʫʧʨʝʜʠʪʝʣʴʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʧʨʦʙʝʛʘ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʤʦʪʦʯʘʩʦʚ 

ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ ʠ ʢʘʣʝʥʜʘʨʥʳʭ ʩʨʦʢʦʚ. ɺʘʞʥʦʡ ʬʫʥʢʮʠʝʡ ʷʚʣʷʝʪʩʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ 
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ʧʨʠʸʤʘ ʠ ʦʙʨʘʙʦʪʢʠ ʟʘʷʚʦʢ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ ʦʪ ʚʦʜʠʪʝʣʝʡ ʠ ʜʠʩʧʝʪʯʝʨʦʚ. 

ʉʠʩʪʝʤʘ ʜʦʣʞʥʘ ʧʦʟʚʦʣʷʪʴ ʦʧʝʨʘʪʠʚʥʦ ʥʘʟʥʘʯʘʪʴ ʠʩʧʦʣʥʠʪʝʣʝʡ, ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʩʨʦʢʠ 

ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʠ ʬʠʢʩʠʨʦʚʘʪʴ ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʟʘʧʘʩʥʳʝ ʯʘʩʪʠ. ɼʣʷ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʟʘʧʘʩʘʤʠ ʪʨʝʙʫʝʪʩʷ ʠʥʪʝʛʨʘʮʠʷ ʩ ʫʯʸʪʥʦʡ ʩʠʩʪʝʤʦʡ ʩʢʣʘʜʩʢʦʛʦ 

ʭʦʟʷʡʩʪʚʘ ʧʨʝʜʧʨʠʷʪʠʷ. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʫʧʨʘʚʣʝʥʯʝʩʢʦʡ ʦʪʯʸʪʥʦʩʪʠ ʜʦʣʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʥʘ 

ʦʩʥʦʚʝ ʥʘʢʦʧʣʝʥʥʳʭ ʜʘʥʥʳʭ. ʈʫʢʦʚʦʜʩʪʚʫ ʥʝʦʙʭʦʜʠʤʘ ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʩʪʨʫʢʪʫʨʝ 

ʟʘʪʨʘʪ ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʨʝʤʦʥʪ, ʩʪʘʪʠʩʪʠʢʘ ʦʪʢʘʟʦʚ ʧʦ ʪʠʧʘʤ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ, ʧʦʢʘʟʘʪʝʣʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʤʦʥʪʥʦʛʦ ʧʝʨʩʦʥʘʣʘ ʠ ʧʨʦʩʪʦʝʚ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʚ 

ʨʝʤʦʥʪʝ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʙʳʣʘ ʚʳʙʨʘʥʘ ʧʣʘʪʬʦʨʤʘ Microsoft.NET Framework ʚʚʠʜʫ ʝʸ 

ʰʠʨʦʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. ʊʝʭʥʦʣʦʛʠʷ 

ASP.NET ʧʦʤʦʛʘʝʪ ʩʦʟʜʘʚʘʪʴ ʤʘʩʰʪʘʙʠʨʫʝʤʳʝ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ ʩ ʚʳʩʦʢʦʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ C# ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʪʨʦʛʫʶ 

ʪʠʧʠʟʘʮʠʶ, ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ ʠ ʙʦʛʘʪʫʶ ʵʢʦʩʠʩʪʝʤʫ ʙʠʙʣʠʦʪʝʢ ʠ 

ʬʨʝʡʤʚʦʨʢʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʘʤʠ ʜʘʥʥʳʭ ʚʳʙʨʘʥ Microsoft SQL Server, 

ʢʦʪʦʨʳʡ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʥʘʜʸʞʥʳʝ ʤʝʭʘʥʠʟʤʳ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ, ʧʦʜʜʝʨʞʢʫ ʪʨʘʥʟʘʢʮʠʡ, 

ʩʨʝʜʩʪʚʘ ʦʙʝʩʧʝʯʝʥʠʷ ʮʝʣʦʩʪʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ. SQL Server ʦʙʣʘʜʘʝʪ 

ʨʘʟʚʠʪʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʭʨʘʥʠʤʳʭ ʧʨʦʮʝʜʫʨ, ʪʨʠʛʛʝʨʦʚ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʡ, ʯʪʦ 

ʨʝʘʣʠʟʫʝʪʴ ʩʣʦʞʥʫʶ ʙʠʟʥʝʩ-ʣʦʛʠʢʫ ʥʘ ʫʨʦʚʥʝ ʙʘʟʳ ʜʘʥʥʳʭ. ʀʥʪʝʛʨʘʮʠʷ .NET ʠ SQL Server 

ʯʝʨʝʟ ʪʝʭʥʦʣʦʛʠʶ ADO.NET ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʠʢʣʘʜʥʦʛʦ ʠ 

ʩʝʨʚʝʨʥʦʛʦ ʫʨʦʚʥʝʡ ʩʠʩʪʝʤʳ. ɼʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʧʨʠʥʷʪʦ 

ʨʝʰʝʥʠʝ ʦ ʨʘʟʨʘʙʦʪʢʝ ʚʝʙ-ʠʥʪʝʨʬʝʡʩʘ, ʜʦʩʪʫʧʥʦʛʦ ʯʝʨʝʟ ʩʪʘʥʜʘʨʪʥʳʝ ʙʨʘʫʟʝʨʳ. ʕʪʦ 

ʛʦʨʘʥʪʠʨʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʳ ʩ ʩʠʩʪʝʤʦʡ ʩ ʨʘʟʣʠʯʥʳʭ ʫʩʪʨʦʡʩʪʚ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʫʩʪʘʥʦʚʢʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘ ʨʘʙʦʯʠʭ ʤʝʩʪʘʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

ʇʨʠʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʡ HTML5, CSS3 ʠ JavaScript ʩʣʝʜʦʚʘʪʴ ʩʦʟʜʘʪʴ ʩʦʚʨʝʤʝʥʥʳʡ 

ʘʜʘʧʪʠʚʥʳʡ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ. 

ʉʠʩʪʝʤʘ ʧʦʩʪʨʦʝʥʘ ʧʦ ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ ʘʨʭʠʪʝʢʪʫʨʝ, ʚʢʣʶʯʘʶʱʝʡ ʫʨʦʚʝʥʴ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ, ʫʨʦʚʝʥʴ ʙʠʟʥʝʩ-ʣʦʛʠʢʠ ʠ ʫʨʦʚʝʥʴ ʜʘʥʥʳʭ. ʊʘʢʦʝ ʨʘʟʜʝʣʝʥʠʝ ʜʘʝʪ ʤʦʜʫʣʴʥʦʩʪʴ 

ʩʠʩʪʝʤʳ, ʫʧʨʦʱʘʝʪ ʝʸ ʩʦʧʨʦʚʦʞʜʝʥʠʝ ʠ ʤʦʜʠʬʠʢʘʮʠʶ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʋʨʦʚʝʥʴ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʝʘʣʠʟʦʚʘʥ ʚ ʚʠʜʝ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ ʥʘ ʙʘʟʝ ASP.NET MVC. ʇʨʠʤʝʥʝʥʠʝ 

ʧʘʪʪʝʨʥʘ Model-View-Controller ʯʸʪʢʦ ʨʘʟʜʝʣʠʪʴ ʣʦʛʠʢʫ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʶ ʠ ʫʧʨʘʚʣʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ. ʂʦʤʧʦʥʝʥʪ View ʦʪʚʝʯʘʝʪ ʟʘ 

ʬʦʨʤʠʨʦʚʘʥʠʝ HTML-ʩʪʨʘʥʠʮ ʠ ʚʠʟʫʘʣʠʟʘʮʠʶ ʜʘʥʥʳʭ. Controller ʦʙʨʘʙʘʪʳʚʘʝʪ ʟʘʧʨʦʩʳ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʚʳʟʳʚʘʝʪ ʥʝʦʙʭʦʜʠʤʳʝ ʤʝʪʦʜʳ ʙʠʟʥʝʩ-ʣʦʛʠʢʠ ʠ ʧʝʨʝʜʘʸʪ ʜʘʥʥʳʝ ʚ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ. Model ʠʥʢʘʧʩʫʣʠʨʫʝʪ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ, ʧʝʨʝʜʘʚʘʝʤʳʭ ʤʝʞʜʫ ʫʨʦʚʥʷʤʠ. 

ʋʨʦʚʝʥʴ ʙʠʟʥʝʩ-ʣʦʛʠʢʠ ʩʦʜʝʨʞʠʪ ʢʣʘʩʩʳ-ʩʝʨʚʠʩʳ, ʨʝʘʣʠʟʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ 

ʩʠʩʪʝʤʳ. ʄʦʜʫʣʴ ʫʧʨʘʚʣʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʧʨʝʜʣʘʛʘʝʪ ʩʧʨʘʚʦʯʥʠʢʘ ʧʦʜʚʠʞʥʦʛʦ 

ʩʦʩʪʘʚʘ ʩ ʪʝʭʥʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠ ʧʘʨʘʤʝʪʨʘʤʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʄʦʜʫʣʴ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʬʦʨʤʠʨʫʝʪ ʛʨʘʬʠʢʠ 

ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʨʘʙʦʪ ʥʘ ʦʩʥʦʚʝ ʟʘʜʘʥʥʳʭ ʨʝʛʣʘʤʝʥʪʦʚ ʠ ʬʘʢʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʙʝʛʘ. 

ʄʦʜʫʣʴ ʦʙʨʘʙʦʪʢʠ ʟʘʷʚʦʢ ʫʧʨʘʚʣʷʝʪ ʞʠʟʥʝʥʥʳʤ ʮʠʢʣʦʤ ʨʝʤʦʥʪʥʳʭ ʟʘʷʚʦʢ ʦʪ ʨʝʛʠʩʪʨʘʮʠʠ ʜʦ 

ʟʘʢʨʳʪʠʷ ʩ ʬʠʢʩʘʮʠʝʡ ʚʩʝʭ ʵʪʘʧʦʚ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ. ʄʦʜʫʣʴ ʦʪʯʸʪʥʦʩʪʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪ 

ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʦʪʯʸʪʦʚ. ʈʝʘʣʠʟʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʦʩʪʨʦʝʥʠʷ ʦʪʯʸʪʦʚ ʧʦ ʰʘʙʣʦʥʘʤ, ʥʘʩʪʨʦʡʢʠ ʧʘʨʘʤʝʪʨʦʚ ʚʳʙʦʨʢʠ ʜʘʥʥʳʭ ʠ ʵʢʩʧʦʨʪʘ 

ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʬʦʨʤʘʪʳ Excel ʠ PDF. ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʦʪʯʸʪʳ ʧʦʟʚʦʣʷʶʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ 
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ʜʠʥʘʤʠʢʫ ʟʘʪʨʘʪ ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ ʧʦ ʧʝʨʠʦʜʘʤ, ʩʪʨʫʢʪʫʨʫ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʧʦ ʪʠʧʘʤ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʧʦʢʘʟʘʪʝʣʠ ʟʘʛʨʫʟʢʠ ʨʝʤʦʥʪʥʦʛʦ ʧʝʨʩʦʥʘʣʘ. 

ʋʨʦʚʝʥʴ ʜʘʥʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥ ʨʝʣʷʮʠʦʥʥʦʡ ʙʘʟʦʡ ʜʘʥʥʳʭ SQL Server. ʈʘʟʨʘʙʦʪʘʥʘ 

ʥʦʨʤʘʣʠʟʦʚʘʥʥʘʷ ʩʭʝʤʘ ʜʘʥʥʳʭ, ʚʢʣʶʯʘʶʱʘʷ ʪʘʙʣʠʮʳ ʜʣʷ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚʘʭ, ʛʨʘʬʠʢʘʭ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʟʘʷʚʢʘʭ ʥʘ ʨʝʤʦʥʪ, ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʙʦʪʘʭ, 

ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʠ ʟʘʧʘʩʥʳʭ ʯʘʩʪʷʭ. ʋʩʪʘʥʦʚʣʝʥʳ ʩʚʷʟʠ ʤʝʞʜʫ ʪʘʙʣʠʮʘʤʠ ʩ 

ʦʙʝʩʧʝʯʝʥʠʝʤ ʩʩʳʣʦʯʥʦʡ ʮʝʣʦʩʪʥʦʩʪʠ ʯʝʨʝʟ ʤʝʭʘʥʠʟʤ ʚʥʝʰʥʠʭ ʢʣʶʯʝʡ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʠʩʪʝʤʳ ʩʦʟʜʘʥʳ ʠʥʜʝʢʩʳ ʧʦ ʧʦʣʷʤ, ʯʘʩʪʦ 

ʠʩʧʦʣʴʟʫʝʤʳʤ ʚ ʫʩʣʦʚʠʷʭ ʚʳʙʦʨʢʠ ʠ ʩʦʝʜʠʥʝʥʠʷ ʪʘʙʣʠʮ. ʈʘʟʨʘʙʦʪʘʥʳ ʭʨʘʥʠʤʳʝ ʧʨʦʮʝʜʫʨʳ 

ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʩʣʦʞʥʳʭ ʦʧʝʨʘʮʠʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʩʥʠʟʠʪʴ ʩʝʪʝʚʦʡ ʪʨʘʬʠʢ ʤʝʞʜʫ 

ʧʨʠʣʦʞʝʥʠʝʤ ʠ ʩʝʨʚʝʨʦʤ ʙʘʟʳ ʜʘʥʥʳʭ. ʇʨʠʤʝʥʝʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʫʧʨʦʱʘʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʦʪʯʸʪʦʚ ʧʫʪʸʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʦʙʲʝʜʠʥʝʥʠʷ ʜʘʥʥʳʭ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʩʚʷʟʘʥʥʳʭ ʪʘʙʣʠʮ. 

ʇʦʜʩʠʩʪʝʤʘ ʫʯʸʪʘ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʭʨʘʥʠʪ ʧʦʣʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʢʘʞʜʦʡ ʝʜʠʥʠʮʝ 

ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ: ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʨʝʛʠʩʪʨʘʮʠʦʥʥʳʡ ʥʦʤʝʨ, ʤʘʨʢʫ ʠ ʤʦʜʝʣʴ, ʛʦʜ ʚʳʧʫʩʢʘ, 

ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʚʠʛʘʪʝʣʷ ʠ ʪʨʘʥʩʤʠʩʩʠʠ, ʜʘʪʫ ʚʚʦʜʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ. ɼʣʷ 

ʢʘʞʜʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ ʚʝʜʸʪʩʷ ʠʩʪʦʨʠʷ ʠʟʤʝʥʝʥʠʷ ʧʦʢʘʟʘʥʠʡ ʦʜʦʤʝʪʨʘ ʠ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʬʘʢʪʠʯʝʩʢʠʡ ʧʨʦʙʝʛ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʦʧʨʝʜʝʣʷʪʴ ʩʨʦʢʠ ʦʯʝʨʝʜʥʦʛʦ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ. 

ʇʦʜʩʠʩʪʝʤʘ ʧʣʘʥʠʨʦʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠʩʧʦʣʴʟʫʝʪ ʩʧʨʘʚʦʯʥʠʢ 

ʨʝʛʣʘʤʝʥʪʥʳʭ ʨʘʙʦʪ, ʩʦʜʝʨʞʘʱʠʡ ʧʝʨʝʯʝʥʴ ʦʧʝʨʘʮʠʡ, ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʠʭ ʚʳʧʦʣʥʝʥʠʷ ʧʦ 

ʧʨʦʙʝʛʫ ʠʣʠ ʚʨʝʤʝʥʠ, ʥʦʨʤʳ ʚʨʝʤʝʥʠ ʠ ʩʪʦʠʤʦʩʪʠ. ʅʘ ʦʩʥʦʚʝ ʵʪʠʭ ʜʘʥʥʳʭ ʩʠʩʪʝʤʘ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʬʦʨʤʠʨʫʝʪ ʛʨʘʬʠʢ ʧʨʝʜʩʪʦʷʱʠʭ ʪʝʭʥʠʯʝʩʢʠʭ ʦʙʩʣʫʞʠʚʘʥʠʡ ʜʣʷ ʢʘʞʜʦʛʦ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ. ʇʨʠ ʧʨʠʙʣʠʞʝʥʠʠ ʧʣʘʥʦʚʦʛʦ ʩʨʦʢʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʩʠʩʪʝʤʘ ʛʝʥʝʨʠʨʫʝʪ 

ʥʘʧʦʤʠʥʘʥʠʷ ʦʪʚʝʪʩʪʚʝʥʥʳʤ ʣʠʮʘʤ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩʦʟʜʘʸʪ ʟʘʷʚʢʠ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʨʘʙʦʪ. 

ʇʦʜʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʟʘʷʚʢʘʤʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʧʨʠʸʤ ʟʘʷʚʦʢ ʦʪ ʚʦʜʠʪʝʣʝʡ ʠ 

ʜʠʩʧʝʪʯʝʨʦʚ ʯʝʨʝʟ ʚʝʙ-ʠʥʪʝʨʬʝʡʩ ʩ ʫʢʘʟʘʥʠʝʤ ʭʘʨʘʢʪʝʨʘ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʠ ʩʪʝʧʝʥʠ ʝʸ 

ʩʨʦʯʥʦʩʪʠ. ʄʝʭʘʥʠʢ-ʢʦʥʪʨʦʣʸʨ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʧʦʩʪʫʧʠʚʰʠʝ ʟʘʷʚʢʠ, ʦʧʨʝʜʝʣʷʝʪ ʥʝʦʙʭʦʜʠʤʳʡ 

ʦʙʲʸʤ ʨʘʙʦʪ ʠ ʥʘʟʥʘʯʘʝʪ ʠʩʧʦʣʥʠʪʝʣʝʡ ʠʟ ʯʠʩʣʘ ʨʝʤʦʥʪʥʦʛʦ ʧʝʨʩʦʥʘʣʘ. ɺ ʧʨʦʮʝʩʩʝ 

ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʬʠʢʩʠʨʫʶʪʩʷ ʟʘʪʨʘʯʝʥʥʦʝ ʚʨʝʤʷ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʟʘʧʘʩʥʳʝ 

ʯʘʩʪʠ. ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʨʝʤʦʥʪʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠʸʤʢʘ ʨʘʙʦʪ ʩ ʟʘʥʝʩʝʥʠʝʤ ʨʝʟʫʣʴʪʘʪʦʚ ʚ 

ʩʠʩʪʝʤʫ. 

ʇʦʜʩʠʩʪʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʪʯʸʪʥʦʩʪʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʨʫʢʦʚʦʜʩʪʚʫ ʠʥʬʦʨʤʘʮʠʶ ʜʣʷ 

ʧʨʠʥʷʪʠʷ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. ʈʝʘʣʠʟʦʚʘʥʳ ʦʪʯʸʪʳ ʦ ʚʳʧʦʣʥʝʥʠʠ ʛʨʘʬʠʢʘ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʩ ʫʢʘʟʘʥʠʝʤ ʧʨʦʩʨʦʯʝʥʥʳʭ ʨʘʙʦʪ, ʦ ʩʪʨʫʢʪʫʨʝ ʟʘʪʨʘʪ ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʨʝʤʦʥʪ 

ʧʦ ʩʪʘʪʴʷʤ ʨʘʩʭʦʜʦʚ, ʦ ʯʘʩʪʦʪʝ ʦʪʢʘʟʦʚ ʧʦ ʪʠʧʘʤ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʠ ʘʛʨʝʛʘʪʘʤ, ʦ ʟʘʛʨʫʟʢʝ 

ʨʝʤʦʥʪʥʦʛʦ ʧʝʨʩʦʥʘʣʘ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ. ʉʠʩʪʝʤʘ ʬʦʨʤʠʨʫʝʪ ʦʪʯʸʪʳ ʟʘ 

ʧʨʦʠʟʚʦʣʴʥʳʝ ʧʝʨʠʦʜʳ ʚʨʝʤʝʥʠ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʜʝʪʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ. 

ʅʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʩʦʟʜʘʥ ʧʨʦʪʦʪʠʧ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ 

ʤʦʥʠʪʦʨʠʥʛʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ. ʇʨʦʚʝʜʝʥʦ ʦʧʳʪʥʦʝ ʚʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤʳ 

ʚ ʨʝʤʦʥʪʥʦʤ ʦʪʜʝʣʝ ʆʩʆʆ çʆʰ ʪʨʘʥʟʠʪè ʩ ʮʝʣʴʶ ʦʮʝʥʢʠ ʝʸ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʠ ʚʳʷʚʣʝʥʠʷ 

ʚʦʟʤʦʞʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʚʥʝʜʨʝʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʩʠʩʪʝʤʳ ʩʦʢʨʘʪʷʪ 

ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ ʟʘʷʚʦʢ ʥʘ ʨʝʤʦʥʪ ʚ ʩʨʝʜʥʝʤ ʥʘ 40% ʟʘ ʩʯʸʪ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ 

ʨʝʛʠʩʪʨʘʮʠʠ, ʥʘʟʥʘʯʝʥʠʷ ʠʩʧʦʣʥʠʪʝʣʝʡ ʠ ʢʦʥʪʨʦʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ. ʕʣʝʢʪʨʦʥʥʳʡ 

ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪ ʠʩʢʣʶʯʘʝʪ ʧʦʪʝʨʠ ʠʥʬʦʨʤʘʮʠʠ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʚʦʝʚʨʝʤʝʥʥʳʡ ʜʦʩʪʫʧ ʢ 

ʠʩʪʦʨʠʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʢʘʞʜʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ. ɸʚʪʦʤʘʪʠʯʝʩʢʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʛʨʘʬʠʢʦʚ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦʝ ʦʧʦʚʝʱʝʥʠʝ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʣʠʮ 

ʩʧʦʩʦʙʩʪʚʫʶʪ ʩʥʠʞʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʚʥʝʧʣʘʥʦʚʳʭ ʨʝʤʦʥʪʦʚ, ʚʳʟʚʘʥʥʳʭ ʥʝʩʚʦʝʚʨʝʤʝʥʥʳʤ 
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ʧʨʦʚʝʜʝʥʠʝʤ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʨʘʙʦʪ. ʕʪʦ ʧʦʚʳʩʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʭʥʠʯʝʩʢʦʡ ʛʦʪʦʚʥʦʩʪʠ 

ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʩʦʢʨʘʪʠʪʴ ʧʨʦʩʪʦʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ. ʉʠʩʪʝʤʘ ʧʨʝʜʦʩʪʘʚʣʷʝʪ 

ʧʨʦʟʨʘʯʥʦʩʪʴ ʚʩʝʭ ʧʨʦʮʝʩʩʦʚ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ, ʯʪʦ ʜʘʸʪ ʨʫʢʦʚʦʜʩʪʚʫ 

ʧʨʝʜʧʨʠʷʪʠʷ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʷ ʜʝʷʪʝʣʴʥʦʩʪʠ ʨʝʤʦʥʪʥʦʛʦ 

ʧʦʜʨʘʟʜʝʣʝʥʠʷ. ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʦʪʯʸʪʳ ʧʦʟʚʦʣʷʶʪ ʚʳʷʚʣʷʪʴ ʧʨʦʙʣʝʤʥʳʝ ʟʦʥʳ, ʧʨʠʥʠʤʘʪʴ 

ʦʙʦʩʥʦʚʘʥʥʳʝ ʨʝʰʝʥʠʷ ʧʦ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʠ ʧʣʘʥʠʨʦʚʘʪʴ ʙʶʜʞʝʪ ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ 

ʘʚʪʦʧʘʨʢʘ. ʇʨʠʤʝʥʝʥʠʝ ʚʝʙ-ʪʝʭʥʦʣʦʛʠʡ ʛʘʨʘʥʪʠʨʫʝʪ ʜʦʩʪʫʧʥʦʩʪʴ ʩʠʩʪʝʤʳ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ 

ʩ ʨʘʟʣʠʯʥʳʭ ʨʘʙʦʯʠʭ ʤʝʩʪ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʩʪʘʥʦʚʢʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ. ɸʜʘʧʪʠʚʥʳʡ ʜʠʟʘʡʥ ʠʥʪʝʨʬʝʡʩʘ ʧʦʟʚʦʣʷʝʪ ʨʘʙʦʪʘʪʴ ʩ ʩʠʩʪʝʤʦʡ ʥʝ ʪʦʣʴʢʦ ʩ 

ʥʘʩʪʦʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ, ʥʦ ʠ ʩ ʧʣʘʥʰʝʪʦʚ ʠ ʩʤʘʨʪʬʦʥʦʚ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʤʦʙʠʣʴʥʳʭ 

ʩʦʪʨʫʜʥʠʢʦʚ. ʄʦʜʫʣʴʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʩʠʩʪʝʤʳ ʜʦʧʫʩʢʘʝʪ ʝʸ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʠ 

ʨʘʩʰʠʨʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ. ɺʦʟʤʦʞʥʘ ʠʥʪʝʛʨʘʮʠʷ ʩ ʩʠʩʪʝʤʘʤʠ ʩʧʫʪʥʠʢʦʚʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ ʪʨʘʥʩʧʦʨʪʘ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ ʦ ʧʨʦʙʝʛʝ ʠ ʧʘʨʘʤʝʪʨʘʭ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ. ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʚʥʝʜʨʝʥʠʝ 

ʤʦʜʫʣʷ ʧʨʝʜʠʢʪʠʚʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʩʪʘʪʠʩʪʠʢʠ ʦʪʢʘʟʦʚ ʠ ʧʨʠʤʝʥʝʥʠʷ 

ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʦʙʩʣʫʞʠʚʘʥʠʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʸʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʘ ʘʨʭʠʪʝʢʪʫʨʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ 

ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʛʦʨʦʜʩʢʦʛʦ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ ʥʘ ʦʩʥʦʚʝ 

ʪʝʭʥʦʣʦʛʠʡ .NET ʠ SQL Server. ʇʨʝʜʣʦʞʝʥʥʦʝ ʨʝʰʝʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʤʧʣʝʢʩʥʫʶ 

ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʧʨʦʮʝʩʩʦʚ ʫʯʸʪʘ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʧʣʘʥʠʨʦʚʘʥʠʷ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ ʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʧʨʘʚʣʝʥʯʝʩʢʦʡ ʦʪʯʸʪʥʦʩʪʠ. ʄʥʦʛʦʫʨʦʚʥʝʚʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʩʠʩʪʝʤʳ ʩ ʯʸʪʢʠʤ 

ʨʘʟʜʝʣʝʥʠʝʤ ʫʨʦʚʥʝʡ ʧʨʝʜʩʪʘʚʣʝʥʠʷ, ʙʠʟʥʝʩ-ʣʦʛʠʢʠ ʠ ʜʘʥʥʳʭ ʩʦʟʜʘʝʪ ʤʦʜʫʣʴʥʦʩʪʴ, 

ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʠ ʫʜʦʙʩʪʚʦ ʩʦʧʨʦʚʦʞʜʝʥʠʷ. ʇʨʠʤʝʥʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ .NET Framework, ASP.NET MVC ʠ SQL Server ʛʘʨʘʥʪʠʨʫʝʪ ʚʳʩʦʢʫʶ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʥʘʜʸʞʥʦʩʪʴ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʩʠʩʪʝʤʳ. ʆʧʳʪʥʦʝ ʚʥʝʜʨʝʥʠʝ ʧʨʦʪʦʪʠʧʘ 

ʩʠʩʪʝʤʳ ʚ ʆʩʆʆ çʆʰ ʪʨʘʥʟʠʪè ʧʦʜʪʚʝʨʜʠʣʦ ʧʨʘʢʪʠʯʝʩʢʫʶ ʧʨʠʤʝʥʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʘʥʥʳʭ 

ʨʝʰʝʥʠʡ ʠ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʤ ʦʙʩʣʫʞʠʚʘʥʠʝʤ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʧʘʨʢʘ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʪʨʘʥʩʧʦʨʪʥʳʤʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ 

ʨʘʟʣʠʯʥʦʛʦ ʤʘʩʰʪʘʙʘ ʜʣʷ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʤ ʦʙʩʣʫʞʠʚʘʥʠʝʤ ʠ 

ʨʝʤʦʥʪʦʤ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ. ʅʘʧʨʘʚʣʝʥʠʷʤʠ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʶʪʩʷ 

ʨʘʟʨʘʙʦʪʢʘ ʤʦʜʫʣʷ ʠʥʪʝʛʨʘʮʠʠ ʩ ʩʠʩʪʝʤʘʤʠ GPS/ɻʃʆʅɸʉʉ ʤʦʥʠʪʦʨʠʥʛʘ, ʚʥʝʜʨʝʥʠʝ 

ʪʝʭʥʦʣʦʛʠʡ ʧʨʝʜʠʢʪʠʚʥʦʡ ʘʥʘʣʠʪʠʢʠ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʦʪʢʘʟʦʚ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ 

ʩʦʟʜʘʥʠʝ ʤʦʙʠʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʜʣʷ ʨʘʙʦʪʳ ʨʝʤʦʥʪʥʦʛʦ ʧʝʨʩʦʥʘʣʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʟʦʥʝ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ. 
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ɸʥʥʦʪʘʮʠʷ. ʆʧʠʩʳʚʘʝʪʩʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʪʝʩʪʠʨʦʚʘʥʠʷ ʟʥʘʥʠʡ ʧʨʘʚʠʣ 

ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʥʘ ʦʩʥʦʚʝ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ C# ʠ ʪʝʭʥʦʣʦʛʠʠ 

Windows Forms. ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʢʦʥʪʨʦʣʷ ʟʥʘʥʠʡ, 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ ʘʚʪʦʰʢʦʣʘʭ. ɸʨʭʠʪʝʢʪʫʨʘ ʩʠʩʪʝʤʳ ʩʧʨʦʝʢʪʠʨʦʚʘʥʘ ʧʦ ʪʨʸʭʫʨʦʚʥʝʚʦʤʫ 

ʧʨʠʥʮʠʧʫ. ʈʘʟʨʘʙʦʪʘʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʝʞʠʤʳ ʵʢʟʘʤʝʥʘ ʠ 

ʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʙʫʯʝʥʠʷ, ʨʝʘʣʠʟʫʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʫʶ ʧʨʦʚʝʨʢʫ ʦʪʚʝʪʦʚ, ʦʮʝʥʠʚʘʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠ ʩʙʦʨ ʦʙʰʠʨʥʳʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. ɺ ʩʠʩʪʝʤʝ ʬʦʨʤʠʨʫʶʪʩʷ ʙʠʣʝʪʳ ʠʟ 20 ʚʦʧʨʦʩʦʚ, 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʠʟʫʘʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ (ʠʟʦʙʨʘʞʝʥʠʷ ʜʦʨʦʞʥʳʭ ʩʠʪʫʘʮʠʡ), ʩʦʟʜʘʥ ʠʥʪʫʠʪʠʚʥʳʡ 

ʠʥʪʝʨʬʝʡʩ ʜʣʷ ʥʘʚʠʛʘʮʠʠ ʠ ʢʦʥʪʨʦʣʷ ʧʨʦʛʨʝʩʩʘ. ʂʨʠʪʝʨʠʠ ʦʮʝʥʠʚʘʥʠʷ ʧʦʣʥʦʩʪʴʶ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʨʝʙʦʚʘʥʠʷʤ ʄɺɼ ʂʳʨʛʳʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʩʠʩʪʝʤʘ ʦʙʣʘʜʘʝʪ 

ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʫʯʥʳʤ ʪʝʩʪʠʨʦʚʘʥʠʝʤ: ʦʙʲʝʢʪʠʚʥʘʷ ʦʮʝʥʢʘ, ʵʢʦʥʦʤʠʷ 

ʚʨʝʤʝʥʠ, ʥʝʤʝʜʣʝʥʥʘʷ ʦʙʨʘʪʥʘʷ ʩʚʷʟʴ ʜʣʷ ʦʙʫʯʘʝʤʦʛʦ, ʜʝʪʘʣʴʥʘʷ ʩʪʘʪʠʩʪʠʢʘ ʜʣʷ ʠʥʩʪʨʫʢʪʦʨʦʚ 

ʠ ʘʜʤʠʥʠʩʪʨʘʪʦʨʦʚ. ɸʧʨʦʙʘʮʠʷ ʩʠʩʪʝʤʳ ʧʨʦʚʝʜʝʥʘ ʚ ʘʚʪʦʰʢʦʣʘʭ ʛʦʨʦʜʘ ʆʰ, ʧʦʜʪʚʝʨʞʜʝʥʘ ʝʸ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʥʘʜʸʞʥʦʩʪʴ. ɺ ʧʝʨʩʧʝʢʪʠʚʝ ʧʣʘʥʠʨʫʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʘʜʘʧʪʠʚʥʦʛʦ 

ʪʝʩʪʠʨʦʚʘʥʠʷ, ʚʝʙ ʠ ʤʦʙʠʣʴʥʦʡ ʚʝʨʩʠʡ, ʚʥʝʜʨʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʛʝʡʤʠʬʠʢʘʮʠʠ. 

 

Abstract. Describes an automated system for testing knowledge of traffic rules developed using 

C# programming language and Windows Forms technology. The research aims to improve the 

knowledge assessment process used in driving schools. The system architecture is designed according 

to a three-tier principle. The developed software provides exam and thematic learning modes, 

implements automatic answer verification, result evaluation, and collection of extensive statistical 

data. The system generates tickets consisting of 20 questions, uses visual materials (images of road 

situations), and features an intuitive interface for navigation and progress monitoring. Assessment 

criteria fully comply with the requirements of the Ministry of Internal Affairs of the Kyrgyz Republic. 

The developed system has several advantages over manual testing: objective assessment, time 
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savings, immediate feedback for learners, detailed statistics for instructors and administrators. The 

system was piloted in driving schools in Osh city, confirming its effectiveness and reliability. Future 

development plans include adaptive testing, web and mobile versions, and implementation of 

gamification elements. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. C#, .NET Framework, Windows Forms, ADO.NET, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ 

ʩʠʩʪʝʤʘ ʪʝʩʪʠʨʦʚʘʥʠʷ, ʧʨʘʚʠʣʘ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʙʘʟʘ ʜʘʥʥʳʭ, ʢʦʥʪʨʦʣʴ ʟʥʘʥʠʡ. 

 

Keywords. C#, .NET Framework, Windows Forms, ADO.NET, automated testing system, 

traffic regulations, database, knowledge management. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ ʧʦʚʳʰʘʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʚʦʧʨʦʩʦʚ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ. ɺ 

ʂʳʨʛʳʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʝ ʧʨʦʮʝʩʩ ʧʨʦʚʝʨʢʠ ʟʥʘʥʠʡ ʧʨʘʚʠʣ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ (ʇɼɼ) ʩʥʘʯʘʣʘ 

ʧʨʦʚʦʜʠʪʩʷ ʚ ʘʚʪʦʰʢʦʣʘʭ, ʘ ʟʘʪʝʤ ʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʯʨʝʞʜʝʥʠʠ çʋʥʘʘè ɼʝʧʘʨʪʘʤʝʥʪʘ 

ʚʥʫʪʨʝʥʥʠʭ ʜʝʣ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʦʜʠʪʝʣʴʩʢʠʭ ʧʨʘʚ (https://clc.li/MapgY). 

ɺ ʧʨʦʮʝʩʩʝ ʧʦʜʛʦʪʦʚʢʠ ʢ ʵʢʟʘʤʝʥʫ ʩʫʙʲʝʢʪʠʚʥʳʝ ʬʘʢʪʦʨʳ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʚʣʠʷʶʪ ʥʘ 

ʦʮʝʥʢʫ ʦʪʚʝʪʦʚ, ʘ ʧʨʦʚʝʨʢʘ ʟʥʘʥʠʡ ʧʨʠ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʩʜʘʶʱʠʭ ʵʢʟʘʤʝʥ ʦʪʥʠʤʘʝʪ ʤʥʦʛʦ 

ʚʨʝʤʝʥʠ ʠ ʟʘʪʨʫʜʥʷʝʪ ʝʝ. ʂʨʦʤʝ ʪʦʛʦ, ʦʪʩʫʪʩʪʚʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

ʫʩʧʝʚʘʝʤʦʩʪʠ ʫʯʘʱʠʭʩʷ ʦʩʣʦʞʥʷʝʪ ʫʩʠʣʠʷ ʧʦ ʧʦʚʳʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʦʙʫʯʝʥʠʷ. 

ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʟʘ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʚʥʝʩʣʠ ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ 

ʚ ʩʝʢʪʦʨ ʦʙʨʘʟʦʚʘʥʠʷ [1].  

ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʦʙʲʝʢʪʠʚʥʦ ʦʮʝʥʠʚʘʪʴ ʟʥʘʥʠʷ, 

ʵʢʦʥʦʤʠʪʴ ʚʨʝʤʷ ʠ ʦʪʩʣʝʞʠʚʘʪʴ ʧʨʦʛʨʝʩʩ ʫʯʘʱʠʭʩʷ [2].  

ɺ ʂʳʨʛʳʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʝ ʠʟ-ʟʘ ʥʝʜʦʩʪʘʪʦʯʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʩʘʤʠʤʠ 

ʘʚʪʦʰʢʦʣʘʤʠ ʚʦʧʨʦʩ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʫʩʧʝʚʘʝʤʦʩʪʠ ʫʯʘʱʠʭʩʷ ʪʘʤ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ. 

ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʚʳʧʫʩʢʥʠʢʠ ʘʚʪʦʰʢʦʣ ʯʘʩʪʦ ʥʝ ʩʜʘʶʪ ʵʢʟʘʤʝʥʳ, ʧʨʦʚʦʜʠʤʳʝ ʚ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʯʨʝʞʜʝʥʠʠ çʋʥʘʘè, ʠ ʩʜʘʶʪ ʠʭ ʥʝʩʢʦʣʴʢʦ ʨʘʟ. 

ʎʝʣʴ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ï ʠʟʫʯʠʪʴ ʘʨʭʠʪʝʢʪʫʨʫ, ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʧʨʦʚʝʨʢʠ ʟʥʘʥʠʡ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʩʨʝʜʩʪʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ 

ʟʘʱʠʪʳ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ C# ʠ ʪʝʭʥʦʣʦʛʠʠ Windows 

Forms. ɼʘʥʥʳʡ ʧʨʦʝʢʪ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʘʚʪʦʰʢʦʣʘʭ ʛʦʨʦʜʘ ʆʰ ʠ ʫʧʨʦʩʪʠʪ 

ʧʨʦʮʝʩʩ ʧʨʦʚʝʨʢʠ ʟʥʘʥʠʡ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʇɼɼ. 

 

ʄʘʪʝʨʠʘʣ rʠ ʤʝʪʦʜ r

ʉʠʩʪʝʤʘ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʠʥʮʠʧʦʚ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ ʤʦʜʫʣʴʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ [3].  

ʊʘʢʦʡ ʧʦʜʭʦʜ ʫʧʨʦʱʘʝʪ ʦʧʠʩʘʥʠʝ, ʤʦʜʠʬʠʢʘʮʠʶ ʠ ʨʘʩʰʠʨʝʥʠʝ ʢʦʜʘ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʧʦʚʳʰʘʝʪ ʪʝʩʪʠʨʫʝʤʦʩʪʴ ʢʘʞʜʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʧʨʦʛʨʘʤʤʳ. ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʩʠʩʪʝʤʳ ʙʳʣ 

ʚʳʙʨʘʥ ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ C#. ʕʪʦʪ ʚʳʙʦʨ ʦʩʥʦʚʘʥ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʚʘʞʥʳʭ ʬʘʢʪʦʨʘʭ. ɺʦ-

ʧʝʨʚʳʭ, C# ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʧʦʧʫʣʷʨʥʳʤ ʠ ʧʦʜʜʝʨʞʠʚʘʝʤʳʤ ʩʦʚʨʝʤʝʥʥʳʤ 

ʷʟʳʢʦʤ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʦʢʦʥʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʥʘ ʧʣʘʪʬʦʨʤʝ Windows [4].  

ɺʦ-ʚʪʦʨʳʭ, ʧʣʘʪʬʦʨʤʳ .NET Framework ʠ .NET Core ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʜʦʩʪʫʧ ʢʦ ʤʥʦʛʠʤ 

ʩʪʘʥʜʘʨʪʥʳʤ ʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʤ ʙʠʙʣʠʦʪʝʢʘʤ ʜʣʷ ʨʘʙʦʪʳ ʩ ʙʘʟʘʤʠ ʜʘʥʥʳʭ, ʛʨʘʬʠʯʝʩʢʠʤʠ 

ʠʥʪʝʨʬʝʡʩʘʤʠ ʠ ʬʘʡʣʘʤʠ. ʇʨʝʠʤʫʱʝʩʪʚʘ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ C# ʩʚʷʟʘʥʳ ʩʦ 

ʩʣʝʜʫʶʱʠʤʠ ʫʩʣʦʚʠʷʤʠ: ʩʧʝʮʠʘʣʴʥʘʷ ʧʨʦʚʝʨʢʘ ʪʠʧʦʚ, ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʫʧʨʘʚʣʝʥʠʝ ʧʘʤʷʪʴʶ 

(ʩʙʦʨʢʘ ʤʫʩʦʨʘ), ʫʜʦʙʥʳʡ ʤʝʭʘʥʠʟʤ ʠʩʧʨʘʚʣʝʥʠʷ ʦʰʠʙʦʢ, ʧʦʣʥʘʷ ʧʦʜʜʝʨʞʢʘ ʦʙʲʝʢʪʥʦ-
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ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʩʨʝʜʳ ʨʘʟʨʘʙʦʪʢʠ 

Microsoft Visual Studio [5].  

ʂʨʦʤʝ ʪʦʛʦ, ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ C# ʧʦʚʳʰʘʝʪ ʩʢʦʨʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ, ʧʦʟʚʦʣʷʷ ʧʠʩʘʪʴ 

ʩʣʦʞʥʳʡ ʢʦʜ, ʠʩʧʦʣʴʟʫʷ ʧʨʦʩʪʦʡ ʠ ʧʦʥʷʪʥʳʡ ʩʠʥʪʘʢʩʠʩ. ɼʣʷ ʩʦʟʜʘʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ 

ʠʥʪʝʨʬʝʡʩʘ ʙʳʣʘ ʚʳʙʨʘʥʘ ʪʝʭʥʦʣʦʛʠʷ Windows Forms. Windows Forms ï ɻ ʪʦ ʩʦʚʨʝʤʝʥʥʳʡ ʠ 

ʥʘʜʝʞʥʳʡ ʩʧʦʩʦʙ ʘʟʨʘʙʦʪʢʠ ʛʨʘʬʠʯʝʩʢʠʭ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʠʥʪʝʨʬʝʡʩʦʚ (GUI) ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʦʢʦʥʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʚ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ Windows. ʕʪʘ ʪʝʭʥʦʣʦʛʠʷ ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ 

ʙʠʙʣʠʦʪʝʢʠ .NET Framework ʠ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʠʭ ʚʝʨʩʠʷʭ .NET Core ʠ .NET 5+. 

ʆʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʪʝʭʥʦʣʦʛʠʠ Windows Forms ʚʢʣʶʯʘʶʪ ʩʣʝʜʫʶʱʝʝ. ɺʦ-ʧʝʨʚʳʭ, 

ʚʦʟʤʦʞʥʦʩʪʴ ʚʠʟʫʘʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠʥʪʝʨʬʝʡʩʘ ʫʩʢʦʨʷʝʪ ʧʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ. ɺʦ-

ʚʪʦʨʳʭ, ʙʦʣʴʰʦʡ ʥʘʙʦʨ ʵʣʝʤʝʥʪʦʚ ʫʧʨʘʚʣʝʥʠʷ (ʢʥʦʧʢʠ, ʪʝʢʩʪʦʚʳʝ ʧʦʣʷ, ʨʘʜʠʦʢʥʦʧʢʠ, ʧʦʣʷ 

ʚʚʦʜʘ, ʪʘʙʣʠʮʳ ʜʘʥʥʳʭ ʠ ʪ. ʜ.) ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʠʥʪʝʨʬʝʡʩʳ ʣʶʙʦʡ ʩʣʦʞʥʦʩʪʠ. ɺ-ʪʨʝʪʴʠʭ, 

ʩʦʙʳʪʠʡʥʘʷ ʤʦʜʝʣʴ (ʩʦʙʳʪʠʡʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ) ʫʧʨʦʱʘʝʪ ʨʝʘʣʠʟʘʮʠʶ 

ʨʝʘʢʮʠʡ ʥʘ ʜʝʡʩʪʚʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʆʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʚʳʙʦʨʘ ʪʝʭʥʦʣʦʛʠʠ Windows Forms 

ʩʪʘʣʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʪʘʢʠʭ ʢʘʢ WPF (Windows Presentation 

Foundation) ʠʣʠ UWP (Universal Windows Platform). ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʝʭʥʦʣʦʛʠʷ Windows 

Forms ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʠ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʢʦʤʧʘʥʠʝʡ Microsoft. ʀʥʪʝʛʨʘʮʠʷ ʩ ʙʘʟʦʡ ʜʘʥʥʳʭ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʪʝʭʥʦʣʦʛʠʝʡ ADO.NET.  

ɼʣʷ ʢʦʥʢʨʝʪʥʳʭ ʩʠʩʪʝʤʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ Windows Forms ʩʯʠʪʘʝʪʩʷ 

ʙʦʣʝʝ ʯʝʤ ʜʦʩʪʘʪʦʯʥʦʡ. ɺ ʧʨʦʮʝʩʩʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʜʣʷ ʨʘʙʦʪʳ ʩ ʙʘʟʦʡ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʪʝʭʥʦʣʦʛʠʷ ADO.NET. ADO.NET (ActiveX Data Objects .NET) ï ɻ ʪʦ ʪʝʭʥʦʣʦʛʠʷ, ʢʦʪʦʨʘʷ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʥʘʙʦʨ ʢʣʘʩʩʦʚ ʜʣʷ ʨʘʙʦʪʳ ʩ ʠʩʪʦʯʥʠʢʘʤʠ ʜʘʥʥʳʭ ʚ ʧʨʠʣʦʞʝʥʠʷʭ .NET [6].  

ʕʪʘ ʪʝʭʥʦʣʦʛʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ ʢ ʨʘʟʣʠʯʥʳʤ ʙʘʟʘʤ ʜʘʥʥʳʭ 

(Microsoft SQL Server, SQLite, MySQL, Oracle ʠ ʜʨ.) [7-9]. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʩʠʩʪʝʤʘ ʠʩʧʦʣʴʟʫʝʪ ʙʘʟʫ ʜʘʥʥʳʭ SQLite. ʕʪʦʪ ʚʳʙʦʨ ʙʳʣ ʦʧʨʘʚʜʘʥ ʧʦ 

ʥʝʩʢʦʣʴʢʠʤ ʧʨʠʯʠʥʘʤ. SQLite ï ɻ ʪʦ ʙʝʩʩʝʨʚʝʨʥʘʷ, ʥʝ ʪʨʝʙʫʶʱʘʷ ʥʘʩʪʨʦʡʢʠ, ʪʨʘʥʟʘʢʮʠʦʥʥʦ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʨʝʣʷʮʠʦʥʥʘʷ ʙʘʟʘ ʜʘʥʥʳʭ. ɹʘʟʘ ʜʘʥʥʳʭ ʭʨʘʥʠʪʩʷ ʚ ʦʜʥʦʤ ʬʘʡʣʝ, ʯʪʦ 

ʫʧʨʦʱʘʝʪ ʫʩʪʘʥʦʚʢʫ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʨʦʛʨʘʤʤʳ. ʅʝʙʦʣʴʰʦʡ ʨʘʟʤʝʨ ʠ ʚʳʩʦʢʘʷ ʥʘʜʝʞʥʦʩʪʴ 

ʜʝʣʘʶʪ SQLite ʠʜʝʘʣʴʥʳʤ ʚʳʙʦʨʦʤ ʜʣʷ ʧʨʠʣʦʞʝʥʠʡ Windows. ɼʣʷ ʨʘʙʦʪʳ ʩ SQLite ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ADO.NET ʧʨʠʤʝʥʷʣʘʩʴ ʙʠʙʣʠʦʪʝʢʘ System.Data.SQLite. ʕʪʘ ʙʠʙʣʠʦʪʝʢʘ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʝʩʴ ʥʝʦʙʭʦʜʠʤʳʡ ʬʫʥʢʮʠʦʥʘʣ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʙʘʟʝ ʜʘʥʥʳʭ, ʚʳʧʦʣʥʝʥʠʷ 

ʟʘʧʨʦʩʦʚ, ʫʧʨʘʚʣʝʥʠʷ ʪʨʘʥʟʘʢʮʠʷʤʠ ʠ ʯʪʝʥʠʷ ʜʘʥʥʳʭ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʩʠʩʪʝʤʘ ʦʩʥʦʚʘʥʘ ʥʘ ʪʨʝʭʩʣʦʡʥʦʡ ʘʨʭʠʪʝʢʪʫʨʝ, ʢʦʪʦʨʘʷ ʯʝʪʢʦ ʨʘʟʜʝʣʷʝʪ 

ʦʙʷʟʘʥʥʦʩʪʠ ʢʘʞʜʦʡ ʯʘʩʪʠ ʧʨʦʛʨʘʤʤʳ ʠ ʦʙʣʝʛʯʘʝʪ ʦʧʠʩʘʥʠʝ ʠ ʨʘʩʰʠʨʝʥʠʝ ʢʦʜʘ. ɸʨʭʠʪʝʢʪʫʨʘ 

ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʩʣʦʠ. ʇʝʨʚʳʡ ʩʣʦʡ ï ʩʣʦʡ ʧʨʝʜʩʪʘʚʣʝʥʠʷ (ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ). 

ɼʘʥʥʳʡ ʩʣʦʡ ʨʝʘʣʠʟʦʚʘʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ Windows Forms ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩ ʩʠʩʪʝʤʦʡ. ɿʜʝʩʴ ʦʪʦʙʨʘʞʘʶʪʩʷ ʚʦʧʨʦʩʳ ʠ ʚʘʨʠʘʥʪʳ ʦʪʚʝʪʦʚ, 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘʚʠʛʘʮʠʷ ʤʝʞʜʫ ʬʦʨʤʘʤʠ ʠ ʚʠʟʫʘʣʠʟʠʨʫʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʪʝʩʪʠʨʦʚʘʥʠʷ. 

ɺʪʦʨʦʡ ʩʣʦʡ ï ʩʣʦʡ ʙʠʟʥʝʩ-ʣʦʛʠʢʠ (ʩʦʜʝʨʞʠʪ ʦʩʥʦʚʥʫʶ ʣʦʛʠʢʫ ʧʨʠʣʦʞʝʥʠʷ). ʕʪʦʪ ʩʣʦʡ 

ʨʝʘʣʠʟʫʝʪ ʛʝʥʝʨʘʮʠʶ ʟʘʷʚʦʢ, ʧʨʦʚʝʨʢʫ ʦʪʚʝʪʦʚ, ʦʮʝʥʢʫ ʨʝʟʫʣʴʪʘʪʦʚ, ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ 

ʜʘʥʥʳʭ ʠ ʜʨʫʛʫʶ ʙʠʟʥʝʩ-ʣʦʛʠʢʫ. ɼʘʥʥʳʡ ʩʣʦʡ ʥʝʟʘʚʠʩʠʤ ʦʪ ʩʣʦʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠ ʩʣʦʷ 

ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʝʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʠ ʤʦʜʠʬʠʢʘʮʠʠ ʦʪʜʝʣʴʥʦ. 

ʊʨʝʪʠʡ ʩʣʦʡ ï ʩʣʦʡ ʜʦʩʪʫʧʘ ʢ ʜʘʥʥʳʤ (ʦʪʚʝʯʘʝʪ ʟʘ ʨʘʙʦʪʫ ʩ ʙʘʟʦʡ ʜʘʥʥʳʭ). ʆʥ ʨʝʘʣʠʟʦʚʘʥ ʟʜʝʩʴ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ ADO.NET ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʧʝʨʘʮʠʠ CRUD (ʩʦʟʜʘʥʠʝ, ʯʪʝʥʠʝ, 

ʦʙʥʦʚʣʝʥʠʝ, ʫʜʘʣʝʥʠʝ). ɺʳʜʝʣʝʥʠʝ ʣʦʛʠʢʠ ʜʦʩʪʫʧʘ ʢ ʜʘʥʥʳʤ ʚ ʦʪʜʝʣʴʥʳʡ ʩʣʦʡ ʫʧʨʦʱʘʝʪ 

ʠʟʤʝʥʝʥʠʝ ʪʠʧʘ ʙʘʟʳ ʜʘʥʥʳʭ ʠ ʧʦʚʳʰʘʝʪ ʧʦʚʪʦʨʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʜʘ. 
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ʉʪʨʫʢʪʫʨʘ ʙʘʟʳ ʜʘʥʥʳʭ ʨʘʟʨʘʙʦʪʘʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ 

ʩʠʩʪʝʤʳ. ɺ ʊʘʙʣʠʮʝ çɺʦʧʨʦʩʳè ʭʨʘʥʷʪʩʷ ʵʢʟʘʤʝʥʘʮʠʦʥʥʳʝ ʚʦʧʨʦʩʳ. ʕʪʘ ʪʘʙʣʠʮʘ ʩʦʜʝʨʞʠʪ 

ʫʥʠʢʘʣʴʥʳʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʚʦʧʨʦʩʘ (ID), ʪʝʢʩʪ ʚʦʧʨʦʩʘ (QuestionText), ʜʚʦʠʯʥʳʝ ʜʘʥʥʳʝ, ʚ 

ʢʦʪʦʨʳʭ ʭʨʘʥʠʪʩʷ ʠʟʦʙʨʘʞʝʥʠʝ (Image), ʧʨʘʚʠʣʴʥʳʡ ʦʪʚʝʪ (CorrectAnswer), ʢʦʤʤʝʥʪʘʨʠʡ 

(Commentary), ʥʦʤʝʨ ʪʝʤʳ (ThemeID) ʠ ʥʦʤʝʨ ʙʠʣʝʪʘ (TicketID). ʀʟʦʙʨʘʞʝʥʠʷ ʭʨʘʥʷʪʩʷ ʚ ʙʘʟʝ 

ʜʘʥʥʳʭ ʚ ʬʦʨʤʘʪʝ BLOB (Binary Large Object), ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʠʟʫʘʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ 

ʵʢʟʘʤʝʥʘʮʠʦʥʥʦʡ ʩʠʪʫʘʮʠʠ. ɺ ʊʘʙʣʠʮʝ çʆʪʚʝʪʳè ʭʨʘʥʷʪʩʷ ʚʘʨʠʘʥʪʳ ʦʪʚʝʪʦʚ ʜʣʷ ʢʘʞʜʦʛʦ 

ʚʦʧʨʦʩʘ. ɺ ʩʪʘʥʜʘʨʪʥʦʤ ʬʦʨʤʘʪʝ ʚʦʧʨʦʩ ʠʤʝʝʪ ʧʷʪʴ ʚʦʟʤʦʞʥʳʭ ʦʪʚʝʪʦʚ, ʠʟ ʢʦʪʦʨʳʭ ʪʦʣʴʢʦ 

ʦʜʠʥ ʜʦʣʞʝʥ ʙʳʪʴ ʧʨʘʚʠʣʴʥʳʤ. ʕʪʘ ʪʘʙʣʠʮʘ ʩʦʜʝʨʞʠʪ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʚʘʨʠʘʥʪʘ ʦʪʚʝʪʘ, ʩʩʳʣʢʫ 

ʥʘ ʚʦʧʨʦʩ (QuestionID), ʪʝʢʩʪ ʦʪʚʝʪʘ (AnswerText) ʠ ʬʣʘʛ, ʫʢʘʟʳʚʘʶʱʠʡ, ʷʚʣʷʝʪʩʷ ʣʠ ʦʪʚʝʪ 

ʧʨʘʚʠʣʴʥʳʤ (IsCorrect). ɺ ʊʘʙʣʠʮʝ çʇʦʣʴʟʦʚʘʪʝʣʠè ʭʨʘʥʠʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʧʦʣʴʟʦʚʘʪʝʣʷʭ 

ʩʠʩʪʝʤʳ. ʆʥʘ ʩʦʜʝʨʞʠʪ ʠʤʝʥʘ, ʫʯʝʪʥʳʝ ʜʘʥʥʳʝ ʠ ʨʦʣʠ ʩʪʫʜʝʥʪʦʚ, ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʠ 

ʘʜʤʠʥʠʩʪʨʘʪʦʨʦʚ. ʕʪʘ ʠʥʬʦʨʤʘʮʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʘʚʪʦʨʠʟʘʮʠʠ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʫʯʝʪʘ 

ʘʢʪʠʚʥʦʩʪʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ɺ ʊʘʙʣʠʮʝ çʈʝʟʫʣʴʪʘʪʳè ʭʨʘʥʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʪʝʩʪʘ. ɼʣʷ ʢʘʞʜʦʡ 

ʧʦʧʳʪʢʠ ʟʘʧʠʩʳʚʘʶʪʩʷ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʜʘʪʘ ʠ ʚʨʝʤʷ ʧʨʦʭʦʞʜʝʥʠʷ ʪʝʩʪʘ, 

ʢʦʣʠʯʝʩʪʚʦ ʧʨʘʚʠʣʴʥʳʭ ʦʪʚʝʪʦʚ, ʢʦʣʠʯʝʩʪʚʦ ʦʰʠʙʦʢ ʠ ʠʥʬʦʨʤʘʮʠʷ ʦ ʪʦʤ, ʙʳʣ ʣʠ ʪʝʩʪ 

ʧʨʦʡʜʝʥ. ʕʪʠ ʜʘʥʥʳʝ ʚʧʦʩʣʝʜʩʪʚʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠ 

ʦʪʩʣʝʞʠʚʘʥʠʷ ʫʩʧʝʚʘʝʤʦʩʪʠ ʫʯʘʱʠʭʩʷ. ɺ ʊʘʙʣʠʮʝ çʊʝʤʳè ʪʝʤʳ ʩʛʨʫʧʧʠʨʦʚʘʥʳ ʧʦ ʨʘʟʣʠʯʥʳʤ 

ʨʘʟʜʝʣʘʤ ESS. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʫʧʦʨʷʜʦʯʠʪʴ ʚʳʙʦʨ ʚʦʧʨʦʩʦʚ ʧʦ ʢʦʥʢʨʝʪʥʳʤ ʪʝʤʘʤ ʚ ʨʝʞʠʤʝ 

ʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʙʫʯʝʥʠʷ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʩʠʩʪʝʤʘ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʤʥʦʞʝʩʪʚʦ 

ʚʦʟʤʦʞʥʦʩʪʝʡ. ɺʝʩʴ ʧʨʦʮʝʩʩ, ʦʪ ʚʭʦʜʘ ʚ ʩʠʩʪʝʤʫ ʜʦ ʩʜʘʯʠ ʵʢʟʘʤʝʥʘ ʠ ʧʦʣʫʯʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ, 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥ ʠ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʝʥ. 

ʕʢʟʘʤʝʥʘʮʠʦʥʥʳʡ ʨʝʞʠʤ ʠʤʠʪʠʨʫʝʪ ʵʢʟʘʤʝʥ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. ʉʠʩʪʝʤʘ ʬʦʨʤʠʨʫʝʪ 

ʪʝʩʪʦʚʳʡ ʙʠʣʝʪ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʠʥʩʪʠʪʫʪʘ ʚʥʫʪʨʝʥʥʠʭ ʜʝʣ 

çʋʥʘʘè, ʩʦʩʪʦʷʱʠʡ ʠʟ 20 ʚʦʧʨʦʩʦʚ. ʂʘʞʜʳʡ ʚʦʧʨʦʩ ʧʨʝʜʣʘʛʘʝʪ ʧʷʪʴ ʚʘʨʠʘʥʪʦʚ ʦʪʚʝʪʘ, ʠʟ 

ʢʦʪʦʨʳʭ ʪʦʣʴʢʦ ʦʜʠʥ ʜʦʣʞʝʥ ʙʳʪʴ ʧʨʘʚʠʣʴʥʳʤ. ɺʦʧʨʦʩʳ ʚʳʙʠʨʘʶʪʩʷ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʠʟ 

ʚʩʝʭ ʪʝʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ ʢʦʤʧʣʝʢʩʥʫʶ ʦʮʝʥʢʫ ʟʥʘʥʠʡ ʩʪʫʜʝʥʪʘ. 

ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʫʯʝʥʠʢ ʚʳʙʠʨʘʝʪ ʦʪʚʝʪ, ʩʠʩʪʝʤʘ ʥʝʤʝʜʣʝʥʥʦ ʧʨʦʚʝʨʷʝʪ ʝʛʦ ʠ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʠʟʫʘʣʴʥʫʶ ʦʙʨʘʪʥʫʶ ʩʚʷʟʴ ʦ ʪʦʤ, ʧʨʘʚʠʣʴʥʳʡ ʦʥ ʠʣʠ ʥʝʧʨʘʚʠʣʴʥʳʡ. ɽʩʣʠ 

ʦʪʚʝʪ ʥʝʧʨʘʚʠʣʴʥʳʡ, ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʦʪʢʨʳʚʘʝʪ ʦʙʲʷʩʥʝʥʠʝ ʩ ʧʨʘʚʠʣʴʥʳʤ ʦʪʚʝʪʦʤ. 

ʕʪʦ ʧʦʤʦʛʘʝʪ ʫʯʝʥʠʢʫ ʩʨʘʟʫ ʧʦʥʷʪʴ ʩʚʦʶ ʦʰʠʙʢʫ ʠ ʧʦʣʫʯʠʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʟʥʘʥʠʷ. 

ʉʠʩʪʝʤʘ ʥʘʚʠʛʘʮʠʠ ʧʦʟʚʦʣʷʝʪ ʩʪʫʜʝʥʪʫ ʩʚʦʙʦʜʥʦ ʧʝʨʝʤʝʱʘʪʴʩʷ ʤʝʞʜʫ ʚʦʧʨʦʩʘʤʠ. ɼʣʷ 

ʢʘʞʜʦʛʦ ʚʦʧʨʦʩʘ ʧʨʝʜʫʩʤʦʪʨʝʥ ʩʚʦʡ ʠʥʜʠʢʘʪʦʨ: ʞʝʣʪʳʡ ï ʚʦʧʨʦʩ ʦʩʪʘʝʪʩʷ ʙʝʟ ʦʪʚʝʪʘ, ʟʝʣʝʥʳʡ 

ï ʦʪʚʝʪ ʧʨʘʚʠʣʴʥʳʡ, ʢʨʘʩʥʳʡ ï ʦʪʚʝʪ ʚʳʙʨʘʥ ʥʝʧʨʘʚʠʣʴʥʦ. ʊʘʢʦʝ ʚʠʟʫʘʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ 

ʧʦʤʦʛʘʝʪ ʩʪʫʜʝʥʪʫ ʦʪʩʣʝʞʠʚʘʪʴ ʩʚʦʡ ʧʨʦʛʨʝʩʩ. 

ʊʝʤʘʪʠʯʝʩʢʠʡ ʨʝʞʠʤ ʦʙʫʯʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʩʪʫʜʝʥʪʘʤ ʫʛʣʫʙʣʷʪʴ ʩʚʦʠ ʟʥʘʥʠʷ ʧʦ 

ʢʦʥʢʨʝʪʥʳʤ ʪʝʤʘʤ. ʉʪʫʜʝʥʪ ʚʳʙʠʨʘʝʪ ʠʥʪʝʨʝʩʫʶʱʫʶ ʝʛʦ ʪʝʤʫ ʠ ʧʦʣʫʯʘʝʪ ʚʦʧʨʦʩʳ ʧʦ ʥʝʡ. ɺ 

ʵʪʦʤ ʨʝʞʠʤʝ ʢʦʣʠʯʝʩʪʚʦ ʦʰʠʙʦʢ ʥʝ ʦʛʨʘʥʠʯʝʥʦ, ʘ ʛʣʘʚʥʘʷ ʮʝʣʴ ï ʦʩʚʦʠʪʴ ʟʥʘʥʠʷ. 

ʇʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ʨʘʟʨʘʙʦʪʘʥ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʙʳʪʴ ʧʨʦʩʪʳʤ, ʧʦʥʷʪʥʳʤ 

ʠ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʳʤ. ʆʩʥʦʚʥʳʝ ʬʦʨʤʳ: ʬʦʨʤʘ ʚʭʦʜʘ ʚ ʩʠʩʪʝʤʫ, ʬʦʨʤʘ ʚʳʙʦʨʘ ʨʝʞʠʤʘ, 

ʬʦʨʤʘ ʵʢʟʘʤʝʥʘ ʠ ʬʦʨʤʘ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʌʦʨʤʘ ʘʚʪʦʨʠʟʘʮʠʠ ʠʤʝʝʪ ʤʠʥʠʤʘʣʠʩʪʠʯʥʳʡ ʜʠʟʘʡʥ ʠ ʚʢʣʶʯʘʝʪ ʧʦʣʷ ʜʣʷ ʚʚʦʜʘ ʠʤʝʥʠ 

ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʧʘʨʦʣʷ. ʇʦʩʣʝ ʘʚʪʦʨʠʟʘʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʴ ʧʦʧʘʜʘʝʪ ʚ ʛʣʘʚʥʦʝ ʤʝʥʶ, ʛʜʝ ʤʦʞʝʪ 

ʚʳʙʨʘʪʴ ʞʝʣʘʝʤʳʡ ʨʝʞʠʤ ʜʣʷ ʧʨʦʜʦʣʞʝʥʠʷ. 

ʕʢʟʘʤʝʥʘʮʠʦʥʥʘʷ ʘʥʢʝʪʘ ï ʩʘʤʘʷ ʚʘʞʥʘʷ ʯʘʩʪʴ ʩʠʩʪʝʤʳ. ɸʥʢʝʪʘ ʩʦʜʝʨʞʠʪ ʪʝʢʩʪ ʚʦʧʨʦʩʘ, 

ʧʝʨʝʢʣʶʯʘʪʝʣʠ ʜʣʷ ʚʘʨʠʘʥʪʦʚ ʦʪʚʝʪʘ, ʤʝʩʪʦ ʜʣʷ ʠʟʦʙʨʘʞʝʥʠʷ ʜʦʨʦʞʥʦʡ ʩʠʪʫʘʮʠʠ ʠ ʢʥʦʧʢʠ 
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ʥʘʚʠʛʘʮʠʠ. ʉ ʧʨʘʚʦʡ ʩʪʦʨʦʥʳ ʘʥʢʝʪʳ ʥʘʭʦʜʠʪʩʷ ʢʘʨʪʘ ʚʦʧʨʦʩʦʚ, ʢʦʪʦʨʘʷ ʚʠʟʫʘʣʴʥʦ ʦʪʦʙʨʘʞʘʝʪ 

ʩʪʘʪʫʩ ʢʘʞʜʦʛʦ ʚʦʧʨʦʩʘ. 

ʌʦʨʤʘ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʩʪʫʜʝʥʪʫ ʧʦʣʥʳʡ ʦʪʯʝʪ ʦʙ ʵʢʟʘʤʝʥʝ. ɺ ʥʝʡ 

ʦʪʦʙʨʘʞʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʧʨʘʚʠʣʴʥʳʭ ʦʪʚʝʪʦʚ, ʢʦʣʠʯʝʩʪʚʦ ʜʦʧʫʱʝʥʥʳʭ ʦʰʠʙʦʢ, ʠʪʦʛʦʚʘʷ 

ʦʮʝʥʢʘ, ʘ ʪʘʢʞʝ ʠʥʬʦʨʤʘʮʠʷ ʦ ʪʦʤ, ʩʜʘʣ ʣʠ ʩʪʫʜʝʥʪ ʵʢʟʘʤʝʥ ʠʣʠ ʥʝʪ. ʂʨʦʤʝ ʪʦʛʦ, ʩʪʫʜʝʥʪ ʤʦʞʝʪ 

ʧʨʦʩʤʦʪʨʝʪʴ ʩʚʦʠ ʦʪʚʝʪʳ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʜʦʧʫʱʝʥʥʳʝ ʦʰʠʙʢʠ. 

ʉʠʩʪʝʤʘ ʠʩʧʦʣʴʟʫʝʪ ʢʨʠʪʝʨʠʠ ʦʮʝʥʢʠ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʫʯʨʝʞʜʝʥʠʝʤ 

çʋʥʘʘè ʋʧʨʘʚʣʝʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʜʝʣ ʂʳʨʛʳʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ. ʕʢʟʘʤʝʥ ʩʦʩʪʦʠʪ ʠʟ 20 ʚʦʧʨʦʩʦʚ, 

ʠ ʩʪʫʜʝʥʪ ʠʤʝʝʪ ʧʨʘʚʦ ʜʦʧʫʩʪʠʪʴ ʥʝ ʙʦʣʝʝ ʜʚʫʭ ʦʰʠʙʦʢ ʜʣʷ ʧʨʦʭʦʞʜʝʥʠʷ. ɽʩʣʠ ʩʪʫʜʝʥʪ 

ʜʦʧʫʩʪʠʪ ʪʨʠ ʠʣʠ ʙʦʣʝʝ ʦʰʠʙʦʢ (ʠʣʠ ʜʚʝ ʦʰʠʙʢʠ ʧʦʜʨʷʜ), ʵʢʟʘʤʝʥ ʩʯʠʪʘʝʪʩʷ 

ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤ. ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ ʦʮʝʥʢʠ ʨʘʟʨʘʙʦʪʘʥʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ 

ʚʣʘʜʝʥʠʷ ʤʘʪʝʨʠʘʣʦʤ ʫ ʩʪʫʜʝʥʪʦʚ. ɼʚʫʭ ʦʰʠʙʦʢ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʧʨʦʚʝʨʢʠ ʟʥʘʥʠʡ ʦʩʥʦʚʥʳʭ 

ʧʨʠʥʮʠʧʦʚ CPE, ʥʦ ʦʥʠ ʪʘʢʞʝ ʩʯʠʪʘʶʪʩʷ ʨʝʘʣʠʩʪʠʯʥʳʤ ʢʨʠʪʝʨʠʝʤ ʜʦʩʪʠʞʝʥʠʷ ʫʩʧʝʭʘ. 

ɽʩʣʠ ʩʪʫʜʝʥʪ ʩʜʘʩʪ ʵʢʟʘʤʝʥ ʙʝʟ ʦʰʠʙʦʢ, ʩʠʩʪʝʤʘ ʦʪʦʙʨʘʟʠʪ ʩʦʦʙʱʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʦʥ 

ʟʘʩʣʫʞʠʚʘʝʪ ʦʮʝʥʢʠ çʆʪʣʠʯʥʦè. ɽʩʣʠ ʙʫʜʝʪ ʦʜʥʘ ʠʣʠ ʜʚʝ ʦʰʠʙʢʠ, ʧʦʷʚʠʪʩʷ ʩʪʘʥʜʘʨʪʥʦʝ 

ʩʦʦʙʱʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʵʢʟʘʤʝʥ ʧʨʦʡʜʝʥ. ɽʩʣʠ ʙʫʜʝʪ ʪʨʠ ʠʣʠ ʙʦʣʝʝ ʦʰʠʙʦʢ, ʧʦʷʚʠʪʩʷ ʩʦʦʙʱʝʥʠʝ 

ʦ ʪʦʤ, ʯʪʦ ʵʢʟʘʤʝʥ ʧʨʦʚʘʣʝʥ, ʠ ʩʪʫʜʝʥʪʫ ʙʫʜʝʪ ʧʨʝʜʣʦʞʝʥʦ ʧʝʨʝʩʜʘʪʴ ʝʛʦ. ʉʠʩʪʝʤʘ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʘʜʤʠʥʠʩʪʨʘʪʦʨʘʤ ʠ ʧʨʝʧʦʜʘʚʘʪʝʣʷʤ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʉʦʟʜʘʥʠʝ ʦʪʯʝʪʦʚ ʦʩʥʦʚʘʥʦ ʥʘ ʘʛʨʝʛʠʨʦʚʘʥʠʠ ʜʘʥʥʳʭ ʠʟ ʙʘʟʳ 

ʜʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ SQL-ʟʘʧʨʦʩʦʚ. ɺ ʦʪʯʝʪʝ ʧʦ ʫʩʧʝʚʘʝʤʦʩʪʠ ʩʪʫʜʝʥʪʦʚ ʫʢʘʟʳʚʘʝʪʩʷ 

ʢʦʣʠʯʝʩʪʚʦ ʫʩʧʝʰʥʳʭ ʩʜʘʯ, ʩʨʝʜʥʠʡ ʙʘʣʣ, ʢʦʣʠʯʝʩʪʚʦ ʩʜʘʥʥʳʭ ʵʢʟʘʤʝʥʦʚ ʠ ʜʠʥʘʤʠʢʘ 

ʫʩʧʝʚʘʝʤʦʩʪʠ ʢʘʞʜʦʛʦ ʩʪʫʜʝʥʪʘ. ʕʪʘ ʠʥʬʦʨʤʘʮʠʷ ʧʦʤʦʛʘʝʪ ʧʨʝʧʦʜʘʚʘʪʝʣʷʤ ʦʪʩʣʝʞʠʚʘʪʴ 

ʧʨʦʛʨʝʩʩ ʩʪʫʜʝʥʪʦʚ ʠ ʦʢʘʟʳʚʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʧʦʜʜʝʨʞʢʫ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ. ʉʪʘʪʠʩʪʠʢʘ 

ʧʦ ʠʥʩʪʨʫʢʪʦʨʘʤ ʩʣʫʞʠʪ ʦʩʥʦʚʦʡ ʜʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʦʙʫʯʝʥʠʷ. ɺ ʦʪʯʝʪʝ ʫʢʘʟʘʥ ʧʨʦʮʝʥʪ 

ʩʪʫʜʝʥʪʦʚ, ʫʩʧʝʰʥʦ ʩʜʘʚʰʠʭ ʵʢʟʘʤʝʥ ʩ ʧʝʨʚʦʛʦ ʨʘʟʘ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʠʥʩʪʨʫʢʪʦʨʘ, ʩʨʝʜʥʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʧʦʧʳʪʦʢ ʠ ʧʨʦʙʣʝʤʥʳʝ ʪʝʤʳ. ʕʪʘ ʠʥʬʦʨʤʘʮʠʷ ʧʦʤʦʛʘʝʪ ʨʫʢʦʚʦʜʩʪʚʫ ʘʚʪʦʰʢʦʣʳ 

ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʷ ʦʙ ʫʣʫʯʰʝʥʠʠ ʧʨʦʮʝʩʩʘ ʦʙʫʯʝʥʠʷ. ʉʪʘʪʠʩʪʠʢʘ ʚʦʧʨʦʩʦʚ ʧʦʟʚʦʣʷʝʪ 

ʚʳʷʚʠʪʴ ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʳʝ ʚʦʧʨʦʩʳ. ɽʩʣʠ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʡ ʚʦʧʨʦʩ ʥʝʧʨʘʚʠʣʴʥʦ ʦʪʚʝʯʘʝʪ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʪʫʜʝʥʪʦʚ, ʵʪʦ ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʥʝʜʦʩʪʘʪʢʠ ʫʯʝʙʥʦʡ ʧʨʦʛʨʘʤʤʳ. ʊʘʢʦʡ 

ʘʥʘʣʠʟ ʩʣʫʞʠʪ ʦʩʥʦʚʦʡ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʫʯʝʙʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʤʝʪʦʜʦʚ. 

 

ʆʙʩʫʞʜʝʥʠʝ 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʩʠʩʪʝʤʘ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʪ ʧʨʦʮʝʩʩ ʧʨʦʚʝʨʢʠ ʟʥʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʩʨʝʜʩʪʚ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʟʘʱʠʪʳ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʫʯʥʦʡ ʧʨʦʚʝʨʢʦʡ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ 

ʠʤʝʝʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ. ʆʙʲʝʢʪʠʚʥʦʩʪʴ ï ʚʘʞʥʝʡʰʝʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʵʪʦʡ ʩʠʩʪʝʤʳ. 

ʂʦʤʧʴʶʪʝʨʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʧʦʣʥʦʩʪʴʶ ʠʩʢʣʶʯʘʝʪ ʚʣʠʷʥʠʝ ʩʫʙʲʝʢʪʠʚʥʦʡ ʦʮʝʥʢʠ 

ʧʨʝʧʦʜʘʚʘʪʝʣʷ. ʆʮʝʥʢʘ ʦʪʚʝʪʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʪʦʯʥʦʤʫ ʘʣʛʦʨʠʪʤʫ, ʠ ʢʘʞʜʳʡ ʩʪʫʜʝʥʪ 

ʥʘʭʦʜʠʪʩʷ ʚ ʦʜʠʥʘʢʦʚʳʭ ʫʩʣʦʚʠʷʭ. ʕʪʦ ʧʦʤʦʛʘʝʪ ʟʘʱʠʪʠʪʴ ʧʨʘʚʘ ʩʪʫʜʝʥʪʦʚ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʩʧʨʘʚʝʜʣʠʚʦʩʪʴ ʦʮʝʥʢʠ. 

ʊʘʙʣʠʮʘ 

ʉʈɸɺʅɽʅʀɽ ʊʈɸɼʀʎʀʆʅʅʓʍ ʀ ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅʓʍ ʄɽʊʆɼʆɺ ʊɽʉʊʀʈʆɺɸʅʀʗ 
 

ʂʨʠʪʝʨʠʡ ʊʨʘʜʠʮʠʦʥʥʳʡ ʤʝʪʦʜ ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ 

ʆʙʲʝʢʪʠʚʥʦʩʪʴ ʉʫʙʲʝʢʪʠʚʥʘʷ ʦʮʝʥʢʘ ɸʙʩʦʣʶʪʥʦ ʦʙʲʝʢʪʠʚʥʦ 

ɺʨʝʤʷ 15-20 ʤʠʥʫʪ/ʩʪʫʜʝʥʪ 10-15 ʤʠʥʫʪ/ʫʯʝʥʠʢ 

ʆʙʨʘʪʥʘʷ ʩʚʷʟʴ ʆʪʣʦʞʝʥʥʳʡ ʉʨʘʟʫ 

ʉʪʘʪʠʩʪʠʢʘ ʅʘʣʠʯʠʝ ʥʘ ʩʢʣʘʜʝ ɸʚʪʦʤʘʪʠʯʝʩʢʠ 

ʇʘʨʘʣʣʝʣʴʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʅʝʚʦʟʤʦʞʥʦ ʅʝ ʦʛʨʘʥʠʯʝʥʦ 
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ʕʢʦʥʦʤʠʷ ʚʨʝʤʝʥʠ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʘʩʧʝʢʪʦʤ. ʇʨʠ ʪʨʘʜʠʮʠʦʥʥʦʤ ʤʝʪʦʜʝ 

ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʜʦʣʞʝʥ ʨʘʙʦʪʘʪʴ ʩ ʢʘʞʜʳʤ ʩʪʫʜʝʥʪʦʤ ʠʥʜʠʚʠʜʫʘʣʴʥʦ, ʪʦʛʜʘ ʢʘʢ ʚ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʝ ʥʝʩʢʦʣʴʢʦ ʩʪʫʜʝʥʪʦʚ ʤʦʛʫʪ ʩʜʘʚʘʪʴ ʪʝʩʪ ʦʜʥʦʚʨʝʤʝʥʥʦ. ʕʪʦ 

ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʚ ʙʦʣʴʰʠʭ ʛʨʫʧʧʘʭ, ʛʜʝ ʵʢʦʥʦʤʠʷ ʚʨʝʤʝʥʠ ʤʦʞʝʪ ʙʳʪʴ ʟʥʘʯʠʪʝʣʴʥʦʡ. 

ʄʛʥʦʚʝʥʥʘʷ ʦʙʨʘʪʥʘʷ ʩʚʷʟʴ ð ʩʫʱʝʩʪʚʝʥʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʜʣʷ ʦʙʫʯʘʶʱʝʛʦʩʷ. ʉʠʩʪʝʤʘ 

ʥʝʤʝʜʣʝʥʥʦ ʧʨʦʚʝʨʷʝʪ ʦʪʚʝʪ ʠ ʫʢʘʟʳʚʘʝʪ, ʧʨʘʚʠʣʴʥʳʡ ʦʥ ʠʣʠ ʥʝʪ. ɺ ʩʣʫʯʘʝ ʦʰʠʙʢʠ ʩʨʘʟʫ ʞʝ 

ʦʪʦʙʨʘʞʘʝʪʩʷ ʦʙʲʷʩʥʝʥʠʝ, ʯʪʦ ʫʩʢʦʨʷʝʪ ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ. ʇʨʠ ʪʨʘʜʠʮʠʦʥʥʦʤ ʤʝʪʦʜʝ 

ʦʙʫʯʘʶʱʠʡʩʷ ʯʘʩʪʦ ʦʩʦʟʥʘʝʪ ʩʚʦʶ ʦʰʠʙʢʫ ʣʠʰʴ ʧʦʟʞʝ, ʯʪʦ ʩʥʠʞʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʯʝʙʥʦʛʦ 

ʧʨʦʮʝʩʩʘ. ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʠʥʬʦʨʤʘʮʠʶ, ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ 

ʠ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʨʝʧʦʜʘʚʘʥʠʷ. ʇʨʝʧʦʜʘʚʘʪʝʣʠ ʠ ʘʜʤʠʥʠʩʪʨʘʪʦʨʳ ʤʦʛʫʪ ʦʪʩʣʝʞʠʚʘʪʴ 

ʫʩʧʝʚʘʝʤʦʩʪʴ ʩʪʫʜʝʥʪʦʚ, ʚʳʷʚʣʷʪʴ ʧʨʦʙʣʝʤʥʳʝ ʦʙʣʘʩʪʠ ʠ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʩʪʨʘʪʝʛʠʠ ʦʙʫʯʝʥʠʷ. 

ʊʨʘʜʠʮʠʦʥʥʦ ʩʙʦʨ ʪʘʢʦʡ ʧʦʜʨʦʙʥʦʡ ʩʪʘʪʠʩʪʠʢʠ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʩʣʦʞʥʦʡ ʠ ʪʨʫʜʦʝʤʢʦʡ ʟʘʜʘʯʝʡ. 

ʆʜʥʘʢʦ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʤʦʛʫʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʥʝʢʦʪʦʨʳʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ. ɺ ʯʘʩʪʥʦʩʪʠ, ʢʘʞʜʳʡ ʩʪʫʜʝʥʪ ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʙʘʟʦʚʳʤ 

ʫʨʦʚʥʝʤ ʢʦʤʧʴʶʪʝʨʥʦʡ ʛʨʘʤʦʪʥʦʩʪʠ. ʅʝʢʦʪʦʨʳʤ ʩʪʫʜʝʥʪʘʤ, ʦʩʦʙʝʥʥʦ ʩʪʘʨʰʝʛʦ ʚʦʟʨʘʩʪʘ ʠʣʠ 

ʧʨʦʞʠʚʘʶʱʠʤ ʚ ʦʪʜʘʣʝʥʥʳʭ ʜʝʨʝʚʥʷʭ, ʤʦʞʝʪ ʙʳʪʴ ʩʣʦʞʥʦ ʧʦʣʴʟʦʚʘʪʴʩʷ ʢʦʤʧʴʶʪʝʨʦʤ. ɼʣʷ 

ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʩʠʩʪʝʤʘ ʠʤʝʝʪ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʳʡ ʠʥʪʝʨʬʝʡʩ ʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪ 

ʧʦʤʦʱʴ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ. ʅʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʨʝʰʠʪʴ ʥʝʢʦʪʦʨʳʝ ʪʝʭʥʠʯʝʩʢʠʝ 

ʧʨʦʙʣʝʤʳ. ɼʣʷ ʩʪʘʙʠʣʴʥʦʡ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʪʨʝʙʫʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʤʦʱʥʦʝ ʢʦʤʧʴʶʪʝʨʥʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʧʨʘʚʠʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ. ʇʝʨʝʙʦʠ ʚ 

ʵʣʝʢʪʨʦʧʠʪʘʥʠʠ ʠʣʠ ʩʙʦʠ ʚ ʨʘʙʦʪʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʤʦʛʫʪ ʥʘʨʫʰʠʪʴ ʧʨʦʮʝʩʩ ʵʢʟʘʤʝʥʘ. ʇʦʵʪʦʤʫ 

ʩʠʩʪʝʤʘ ʪʘʢʞʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʤʝʭʘʥʠʟʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʩʦʭʨʘʥʝʥʠʷ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. 

ɻʣʘʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʩʠʩʪʝʤʳ ð ʝʸ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʠ 

ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ. ʄʦʜʫʣʴʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʧʦʟʚʦʣʷʝʪ ʜʦʙʘʚʣʷʪʴ ʥʦʚʳʝ ʬʫʥʢʮʠʠ, ʨʘʩʰʠʨʷʪʴ 

ʙʘʟʫ ʜʘʥʥʳʭ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʠʥʪʝʨʬʝʡʩ. ɺ ʙʫʜʫʱʝʤ ʧʣʘʥʠʨʫʝʪʩʷ ʚʥʝʜʨʝʥʠʝ ʚ ʩʠʩʪʝʤʫ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʨʝʞʠʤʦʚ: ʥʘʧʨʠʤʝʨ, ʘʜʘʧʪʠʚʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ, ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʨʝʛʫʣʠʨʦʚʢʠ 

ʩʣʦʞʥʦʩʪʠ ʚʦʧʨʦʩʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʨʦʚʥʷ ʟʥʘʥʠʡ ʩʪʫʜʝʥʪʘ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʨʘʟʨʘʙʦʪʘʥʥʦʝ ʥʘʤʠ ʨʝʰʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦ ʘʜʘʧʪʠʨʦʚʘʥʦ ʢ 

ʩʧʝʮʠʬʠʢʝ ʂʳʨʛʳʟʩʪʘʥʘ. ɺʦʧʨʦʩʳ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʇʦʣʠʪʠʢʦʡ ʚ ʦʙʣʘʩʪʠ 

ʦʙʨʘʟʦʚʘʥʠʷ ʂʳʨʛʳʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ, ʠʥʪʝʨʬʝʡʩ ʧʦʜʜʝʨʞʠʚʘʝʪ ʢʳʨʛʳʟʩʢʠʡ ʠ ʨʫʩʩʢʠʡ ʷʟʳʢʠ, 

ʘ ʢʨʠʪʝʨʠʠ ʦʮʝʥʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʨʝʙʦʚʘʥʠʷʤ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʜʝʧʘʨʪʘʤʝʥʪʘ ʚʥʫʪʨʝʥʥʠʭ 

ʜʝʣ çʋʥʘʘè. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʩʠʩʪʝʤʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ: 

ʪʨʝʭʟʚʝʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ, ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ, ʨʘʙʦʪʘ ʩ ʙʘʟʦʡ 

ʜʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ADO.NET ʠ ʜʨ. ʈʘʟʨʘʙʦʪʘʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʘʝʪ ʧʨʦʮʝʩʩ ʧʨʦʚʝʨʢʠ ʟʥʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʉʀɿ (ʩʨʝʜʩʪʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ 

ʟʘʱʠʪʳ). ʆʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʩʠʩʪʝʤʳ: ʦʙʲʝʢʪʠʚʥʦʩʪʴ ʦʮʝʥʢʠ, ʵʢʦʥʦʤʠʷ ʚʨʝʤʝʥʠ, 

ʤʛʥʦʚʝʥʥʘʷ ʦʙʨʘʪʥʘʷ ʩʚʷʟʴ ʩʦ ʩʪʫʜʝʥʪʦʤ, ʚʦʟʤʦʞʥʦʩʪʴ ʩʙʦʨʘ ʠ ʘʥʘʣʠʟʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʳʡ ʠ ʧʨʦʩʪʦʡ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ. ʉʠʩʪʝʤʘ ʙʳʣʘ 

ʧʨʦʪʝʩʪʠʨʦʚʘʥʘ ʚ ʘʚʪʦʰʢʦʣʘʭ ʛʦʨʦʜʘ ʆʰ ʠ ʧʦʜʪʚʝʨʜʠʣʘ ʩʚʦʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ. 

ʆʪʟʳʚʳ ʠʥʩʪʨʫʢʪʦʨʦʚ ʠ ʫʯʝʥʠʢʦʚ ʙʳʣʠ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ, ʯʪʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʫʜʦʙʩʪʚʦ ʠ 

ʧʦʣʝʟʥʦʩʪʴ ʩʠʩʪʝʤʳ. ɺ ʙʫʜʫʱʝʤ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʥʝʩʢʦʣʴʢʦ ʥʘʧʨʘʚʣʝʥʠʡ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 

ʩʠʩʪʝʤʳ. ɺʦ-ʧʝʨʚʳʭ, ʚʥʝʜʨʝʥʠʝ ʘʜʘʧʪʠʚʥʦʛʦ ʨʝʞʠʤʘ ʪʝʩʪʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʡ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʨʝʛʫʣʠʨʫʝʪ ʩʣʦʞʥʦʩʪʴ ʚʦʧʨʦʩʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʨʦʚʥʷ ʟʥʘʥʠʡ ʩʪʫʜʝʥʪʘ. ɺʦ-ʚʪʦʨʳʭ, 

ʩʦʟʜʘʥʠʝ ʚʝʙ-ʚʝʨʩʠʠ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʪ ʧʦʣʫʯʠʪʴ ʜʦʩʪʫʧ ʢ ʩʠʩʪʝʤʝ ʯʝʨʝʟ ʀʥʪʝʨʥʝʪ ʠ ʨʘʩʰʠʨʠʪ 
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ʝʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ. ɺ-ʪʨʝʪʴʠʭ, ʨʘʟʨʘʙʦʪʢʘ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʠʪ 

ʧʨʦʚʦʜʠʪʴ ʥʝʧʨʝʨʳʚʥʦʝ ʦʙʫʯʝʥʠʝ ʩʦ ʩʤʘʨʪʬʦʥʦʚ ʠ ʧʣʘʥʰʝʪʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʥʝʦʙʭʦʜʠʤʦ 

ʨʘʩʰʠʨʠʪʴ ʙʘʟʫ ʚʦʧʨʦʩʦʚ, ʜʦʙʘʚʠʪʴ ʥʦʚʳʝ ʪʝʤʳ ʠ ʦʙʥʦʚʠʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ. ʊʘʢʞʝ ʚʥʝʜʨʝʥʠʝ 

ʩʦʚʨʝʤʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʛʝʡʤʠʬʠʢʘʮʠʠ ʧʦʚʳʩʠʪ ʤʦʪʠʚʘʮʠʶ ʩʪʫʜʝʥʪʦʚ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ 

ʦʮʝʥʢʠ, ʜʦʩʪʠʞʝʥʠʷ, ʚʠʟʫʘʣʠʟʘʮʠʷ ʧʨʦʛʨʝʩʩʘ ʠ ʪ.ʜ. ɺ ʟʘʢʣʶʯʝʥʠʝ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʩʠʩʪʝʤʘ 

ʩʯʠʪʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʧʨʦʚʝʨʢʠ ʟʥʘʥʠʡ ʧʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʩʨʝʜʩʪʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʟʘʱʠʪʳ. ɽʝ ʚʥʝʜʨʝʥʠʝ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ 

ʧʦʚʳʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʦʙʫʯʝʥʠʷ ʚ ʘʚʪʦʰʢʦʣʘʭ, ʦʙʣʝʛʯʝʥʠʶ ʨʘʙʦʪʳ ʠʥʩʪʨʫʢʪʦʨʦʚ ʠ ʫʣʫʯʰʝʥʠʶ 

ʟʥʘʥʠʡ ʫʯʘʱʠʭʩʷ ʧʦ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ. 
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ɸʥʥʦʪʘʮʠʷ. ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʢʦʤʧʣʝʢʩʥʦʤʫ ʘʥʘʣʠʟʫ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʠʙʣʠʦʪʝʢʠ React ʚ 

ʧʨʦʮʝʩʩʝ ʩʦʟʜʘʥʠʷ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʚ ʩʦʚʨʝʤʝʥʥʳʭ 

ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷʭ. ɺ ʮʝʥʪʨʝ ʚʥʠʤʘʥʠʷ ʥʘʭʦʜʠʪʩʷ ʘʨʭʠʪʝʢʪʫʨʥʘʷ ʣʦʛʠʢʘ React, ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ 

ʢʘʢ ʦʩʥʦʚʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʩʪʦʡʯʠʚʳʭ, ʤʘʩʰʪʘʙʠʨʫʝʤʳʭ ʠ ʧʨʝʜʩʢʘʟʫʝʤʳʭ ʠʥʪʝʨʬʝʡʩʥʳʭ 

ʨʝʰʝʥʠʡ. ʀʥʪʝʨʘʢʪʠʚʥʦʩʪʴ ʪʨʘʢʪʫʝʪʩʷ ʥʝ ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʴ ʚʠʟʫʘʣʴʥʳʭ ʵʬʬʝʢʪʦʚ, ʘ ʢʘʢ 

ʩʠʩʪʝʤʥʦʝ ʩʚʦʡʩʪʚʦ ʠʥʪʝʨʬʝʡʩʘ, ʦʧʨʝʜʝʣʷʝʤʦʝ ʚʟʘʠʤʦʩʚʷʟʴʶ ʩʦʩʪʦʷʥʠʷ, ʢʦʤʧʦʥʝʥʪʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʠ ʩʦʙʳʪʠʡʥʦʡ ʤʦʜʝʣʠ. ɺ ʨʘʙʦʪʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʨʘʩʢʨʳʚʘʶʪʩʷ ʧʨʠʥʮʠʧʳ 

ʜʝʢʣʘʨʘʪʠʚʥʦʛʦ ʦʧʠʩʘʥʠʷ ʠʥʪʝʨʬʝʡʩʘ, ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʧʦʜʭʦʜʘ ʠ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʛʦ ʧʦʪʦʢʘ 

ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʩʧʝʮʠʬʠʢʫ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ React. 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʨʦʣʠ ʩʦʩʪʦʷʥʠʷ ʢʘʢ ʢʣʶʯʝʚʦʛʦ ʤʝʭʘʥʠʟʤʘ ʫʧʨʘʚʣʝʥʠʷ ʧʦʚʝʜʝʥʠʝʤ 

ʠʥʪʝʨʬʝʡʩʘ, ʘ ʪʘʢʞʝ ʨʘʟʛʨʘʥʠʯʝʥʠʶ ʣʦʢʘʣʴʥʦʛʦ ʠ ʛʣʦʙʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʢʦʥʪʝʢʩʪʝ ʩʣʦʞʥʳʭ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʩʮʝʥʘʨʠʝʚ. ɸʥʘʣʠʟʠʨʫʝʪʩʷ ʟʥʘʯʝʥʠʝ ʚʠʨʪʫʘʣʴʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʠʥʪʝʨʬʝʡʩʘ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪʘ ʦʧʪʠʤʠʟʘʮʠʠ ʦʙʥʦʚʣʝʥʠʡ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ 

ʚʠʟʫʘʣʴʥʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ ʧʨʠ ʯʘʩʪʳʭ ʠʟʤʝʥʝʥʠʷʭ ʜʘʥʥʳʭ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʠʨʪʫʘʣʴʥʦʛʦ DOM 

ʧʦʟʚʦʣʷʝʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʢʦʣʠʯʝʩʪʚʦ ʦʧʝʨʘʮʠʡ ʩ ʨʝʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʜʦʢʫʤʝʥʪʘ, ʯʪʦ ʠʤʝʝʪ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʠʥʪʝʨʬʝʡʩʦʚ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʦʙʳʪʠʡʥʘʷ ʤʦʜʝʣʴ React ʢʘʢ ʬʦʨʤʘʣʠʟʦʚʘʥʥʳʡ ʤʝʭʘʥʠʟʤ ʩʚʷʟʠ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʜʝʡʩʪʚʠʡ ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʩʦʩʪʦʷʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʩʪʴ 

ʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʧʦʚʝʜʝʥʠʷ ʠʥʪʝʨʬʝʡʩʥʳʭ ʵʣʝʤʝʥʪʦʚ. ɺ ʨʘʤʢʘʭ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ 

ʚʳʷʚʣʷʶʪʩʷ ʦʪʣʠʯʠʷ React-ʧʦʜʭʦʜʘ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ ʠʤʧʝʨʘʪʠʚʥʳʭ ʤʦʜʝʣʝʡ ʧʦʩʪʨʦʝʥʠʷ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʙʦʩʥʦʚʘʪʴ ʝʛʦ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ 

ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʣʦʞʥʳʭ ʠʥʪʝʨʬʝʡʩʥʳʭ ʩʠʩʪʝʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, React ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʥʝ ʪʦʣʴʢʦ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪ ʧʨʠʢʣʘʜʥʦʡ ʨʘʟʨʘʙʦʪʢʠ, ʥʦ ʠ ʢʘʢ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʫʶ ʦʩʥʦʚʫ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʠʥʪʝʨʬʝʡʩʦʚ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʫʶ ʥʘ 

ʣʦʛʠʯʝʩʢʫʶ ʩʚʷʟʥʦʩʪʴ, ʫʧʨʘʚʣʷʝʤʦʩʪʴ ʠ ʜʦʣʛʦʩʨʦʯʥʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʦʛʨʘʤʤʥʳʭ ʨʝʰʝʥʠʡ. 

 

Abstract. The article provides a comprehensive analysis of the use of the React library in the 

creation of interactive user interface elements within modern web applications. The focus is placed 

on the architectural logic of React as a foundational framework for building stable, scalable, and 

predictable interface solutions. Interactivity is interpreted not as a set of isolated visual effects but as 
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a systemic property of the interface, determined by the relationship between state management, 

component structure, and the event-handling model. The paper consistently examines the principles 

of declarative interface description, component-based architecture, and unidirectional data flow, 

which define the specific features of designing interactive elements in React. Particular attention is 

given to the role of state as the central mechanism governing interface behavior, as well as to the 

distinction between local and global state in the context of complex user interaction scenarios. The 

significance of the virtual representation of the interface is analyzed as a means of optimizing updates 

and maintaining visual consistency under conditions of frequent data changes. The article 

demonstrates that the use of a virtual DOM makes it possible to reduce direct manipulations of the 

actual document structure, which is critically important for the performance and stability of 

interactive interfaces. The event model implemented in React is examined as a formalized mechanism 

linking user actions to state transitions, ensuring deterministic and reproducible behavior of interface 

components. A comparative analysis highlights the differences between the React approach and 

traditional imperative models of user interface development, allowing for a systematic justification 

of its architectural advantages in the design of complex interface systems. The study concludes that 

React should be regarded not merely as a practical development tool, but as a methodological 

foundation for designing interactive user interfaces oriented toward logical consistency, 

controllability, and long-term architectural sustainability of software solutions. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʤʧʦʥʝʥʪʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ, ʜʝʢʣʘʨʘʪʠʚʥʳʡ ʠʥʪʝʨʬʝʡʩ, React, 
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ʈʘʟʚʠʪʠʝ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʤʝʱʝʥʠʝʤ ʘʢʮʝʥʪʘ ʦʪ 

ʩʪʘʪʠʯʝʩʢʠʭ ʠʥʪʝʨʬʝʡʩʦʚ ʢ ʜʠʥʘʤʠʯʝʩʢʠʤ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʤ ʩʨʝʜʘʤ, ʚ ʢʦʪʦʨʳʭ ʢʣʶʯʝʚʫʶ 

ʨʦʣʴ ʠʛʨʘʝʪ ʠʥʪʝʨʘʢʪʠʚʥʦʩʪʴ, ʘʜʘʧʪʠʚʥʦʩʪʴ ʠ ʚʳʩʦʢʘʷ ʦʪʟʳʚʯʠʚʦʩʪʴ ʠʥʪʝʨʬʝʡʩʘ ʥʘ ʜʝʡʩʪʚʠʷ 

ʧʦʣʴʟʦʚʘʪʝʣʷ. ʇʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ʧʝʨʝʩʪʘʣ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʢʘʢ 

ʚʠʟʫʘʣʴʥʘʷ ʦʙʦʣʦʯʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ ʠ ʧʨʠʦʙʨʸʣ ʩʪʘʪʫʩ ʧʦʣʥʦʮʝʥʥʦʛʦ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʣʦʷ, ʥʘʧʨʷʤʫʶ ʚʣʠʷʶʱʝʛʦ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʝʣʦʚʝʢʘ ʩ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʥʘ ʢʦʛʥʠʪʠʚʥʫʶ ʥʘʛʨʫʟʢʫ, ʘ ʪʘʢʞʝ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʠ 

ʢʦʤʤʝʨʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʮʠʬʨʦʚʳʭ ʩʝʨʚʠʩʦʚ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʦʩʦʙʫʶ ʟʥʘʯʠʤʦʩʪʴ 

ʧʨʠʦʙʨʝʪʘʶʪ ʧʨʦʛʨʘʤʤʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʬʦʨʤʠʨʦʚʘʪʴ ʩʣʦʞʥʳʝ ʠʥʪʝʨʬʝʡʩʥʳʝ 

ʩʪʨʫʢʪʫʨʳ ʩ ʧʨʝʜʩʢʘʟʫʝʤʳʤ ʧʦʚʝʜʝʥʠʝʤ, ʤʘʩʰʪʘʙʠʨʫʝʤʦʡ ʘʨʭʠʪʝʢʪʫʨʦʡ ʠ ʩʪʨʦʛʦʡ ʣʦʛʠʢʦʡ 

ʫʧʨʘʚʣʝʥʠʷ ʩʦʩʪʦʷʥʠʝʤ [1]. 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʪʘʢʦʛʦ ʨʦʜʘ ʷʚʣʷʝʪʩʷ ʙʠʙʣʠʦʪʝʢʘ 

React, ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʥʘ ʢʦʤʧʦʥʝʥʪʥʳʡ ʧʦʜʭʦʜ ʢ ʧʦʩʪʨʦʝʥʠʶ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ 

ʠʥʪʝʨʬʝʡʩʦʚ. ʂʦʥʮʝʧʪʫʘʣʴʥʘʷ ʦʩʥʦʚʘ React ʩʚʷʟʘʥʘ ʩ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʠʥʪʝʨʬʝʡʩʘ ʢʘʢ ʬʫʥʢʮʠʠ 

ʦʪ ʩʦʩʪʦʷʥʠʷ ʧʨʠʣʦʞʝʥʠʷ, ʯʪʦ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʦʪʣʠʯʘʝʪ ʜʘʥʥʳʡ ʧʦʜʭʦʜ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ 

ʠʤʧʝʨʘʪʠʚʥʳʭ ʤʦʜʝʣʝʡ ʤʘʥʠʧʫʣʷʮʠʠ ʵʣʝʤʝʥʪʘʤʠ DOM. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʝʢʣʘʨʘʪʠʚʥʦʛʦ 

ʦʧʠʩʘʥʠʷ ʠʥʪʝʨʬʝʡʩʘ ʧʦʟʚʦʣʷʝʪ ʬʦʨʤʘʣʠʟʦʚʘʪʴ ʣʦʛʠʢʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʤʧʦʥʝʥʪʦʚ, ʩʥʠʟʠʪʴ 

ʩʚʷʟʥʦʩʪʴ ʤʝʞʜʫ ʦʪʜʝʣʴʥʳʤʠ ʯʘʩʪʷʤʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʠ ʦʙʝʩʧʝʯʠʪʴ ʙʦʣʝʝ 

ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʫʧʨʘʚʣʷʝʤʦʩʪʠ ʩʣʦʞʥʳʭ ʠʥʪʝʨʬʝʡʩʥʳʭ ʩʮʝʥʘʨʠʝʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ React 

ʧʨʠʤʝʥʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʢʣʠʝʥʪʩʢʠʭ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷʭ, ʥʦ ʠ ʚ ʩʠʩʪʝʤʘʭ ʩ ʧʦʚʳʰʝʥʥʳʤʠ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠʥʪʝʨʬʝʡʩʥʦʡ ʣʦʛʠʢʠ, ʚʢʣʶʯʘʷ ʢʦʨʧʦʨʘʪʠʚʥʳʝ ʧʣʘʪʬʦʨʤʳ, 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʮʠʬʨʦʚʳʝ ʩʨʝʜʳ ʠ ʚʳʩʦʢʦʥʘʛʨʫʞʝʥʥʳʝ ʩʝʨʚʠʩʳ. 
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ʀʥʪʝʨʘʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʚ ʢʦʥʪʝʢʩʪʝ React ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʥʝ ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʚʠʟʫʘʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʘ ʩʪʨʫʢʪʫʨʥʳʝ ʝʜʠʥʠʮʳ, ʠʥʢʘʧʩʫʣʠʨʫʶʱʠʝ 

ʢʘʢ ʧʨʝʜʩʪʘʚʣʝʥʠʝ, ʪʘʢ ʠ ʧʦʚʝʜʝʥʯʝʩʢʫʶ ʣʦʛʠʢʫ. ʂ ʪʘʢʠʤ ʵʣʝʤʝʥʪʘʤ ʦʪʥʦʩʷʪʩʷ ʬʦʨʤʳ ʩ 

ʚʘʣʠʜʘʮʠʝʡ, ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʧʠʩʢʠ, ʧʘʥʝʣʠ ʥʘʚʠʛʘʮʠʠ, ʤʦʜʘʣʴʥʳʝ ʦʢʥʘ, ʵʣʝʤʝʥʪʳ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ ʠ ʜʨʫʛʠʝ ʠʥʪʝʨʬʝʡʩʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʪʨʝʙʫʶʱʠʝ ʪʦʯʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʩʦʩʪʦʷʥʠʝʤ ʠ ʩʦʙʳʪʠʡʥʦʡ ʤʦʜʝʣʴʶ. ʆʩʦʙʝʥʥʦʩʪʴ React ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ 

ʠʥʪʝʨʘʢʪʠʚʥʦʩʪʴ ʜʦʩʪʠʛʘʝʪʩʷ ʥʝ ʟʘ ʩʯʸʪ ʧʨʷʤʦʛʦ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʚ ʩʪʨʫʢʪʫʨʫ ʜʦʢʫʤʝʥʪʘ, ʘ 

ʧʦʩʨʝʜʩʪʚʦʤ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʦʙʥʦʚʣʝʥʠʷ ʚʠʨʪʫʘʣʴʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠʥʪʝʨʬʝʡʩʘ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʝʜʩʢʘʟʫʝʤʦʩʪʴ ʠʟʤʝʥʝʥʠʡ ʠ ʫʧʨʦʱʘʝʪ ʘʥʘʣʠʟ ʧʦʚʝʜʝʥʠʷ ʩʠʩʪʝʤʳ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ React ʜʣʷ ʩʦʟʜʘʥʠʷ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʦʙʫʩʣʦʚʣʝʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʦʩʤʳʩʣʝʥʠʷ 

ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʠ ʣʦʛʠʯʝʩʢʠʭ ʧʨʠʥʮʠʧʦʚ, ʣʝʞʘʱʠʭ ʚ ʦʩʥʦʚʝ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʘ ʪʘʢʞʝ ʠʭ 

ʚʣʠʷʥʠʷ ʥʘ ʢʘʯʝʩʪʚʦ ʧʨʦʛʨʘʤʤʥʳʭ ʨʝʰʝʥʠʡ. ʅʝʩʤʦʪʨʷ ʥʘ ʰʠʨʦʢʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ 

React, ʚ ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʷʭ ʥʝʨʝʜʢʦ ʧʨʝʦʙʣʘʜʘʝʪ ʦʧʠʩʘʪʝʣʴʥʳʡ ʠʣʠ ʧʨʠʢʣʘʜʥʦʡ ʧʦʜʭʦʜ, ʚ 

ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʦʧʨʦʩʳ ʬʦʨʤʘʣʴʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʢʦʤʧʦʥʝʥʪʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʫʧʨʘʚʣʝʥʠʷ 

ʩʦʩʪʦʷʥʠʝʤ, ʦʧʪʠʤʠʟʘʮʠʠ ʧʝʨʝʨʠʩʦʚʢʠ ʠʥʪʝʨʬʝʡʩʘ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʩʮʝʥʘʨʠʝʚ ʪʨʝʙʫʶʪ ʙʦʣʝʝ ʛʣʫʙʦʢʦʛʦ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʨʘʩʩʤʦʪʨʝʥʠʷ. 

ʆʩʦʙʝʥʥʦ ʚʘʞʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʪʦʛʦ, ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʨʝʰʝʥʠʷ React 

ʩʦʦʪʥʦʩʷʪʩʷ ʩ ʟʘʜʘʯʘʤʠ ʧʦʩʪʨʦʝʥʠʷ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʠʥʪʝʨʬʝʡʩʦʚ ʚ ʫʩʣʦʚʠʷʭ ʫʩʣʦʞʥʝʥʠʷ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʠ ʨʦʩʪʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʥʘʩʳʱʝʥʥʦʩʪʠ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩʥʦʝ ʨʘʩʩʤʦʪʨʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

React ʢʘʢ ʠʥʩʪʨʫʤʝʥʪʘ ʩʦʟʜʘʥʠʷ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʩ 

ʧʦʟʠʮʠʡ ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʣʦʛʠʢʠ, ʤʦʜʝʣʠ ʫʧʨʘʚʣʝʥʠʷ ʩʦʩʪʦʷʥʠʝʤ ʠ ʤʝʭʘʥʠʟʤʦʚ ʦʙʥʦʚʣʝʥʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ. ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʚʳʷʚʠʪʴ ʢʣʶʯʝʚʳʝ ʧʨʠʥʮʠʧʳ, 

ʦʧʨʝʜʝʣʷʶʱʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ React ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʠʥʪʝʨʘʢʪʠʚʥʦʩʪʠ, ʘ ʪʘʢʞʝ 

ʧʦʢʘʟʘʪʴ, ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʜʘʥʥʳʝ ʧʨʠʥʮʠʧʳ ʚʣʠʷʶʪ ʥʘ ʩʪʨʫʢʪʫʨʥʫʶ ʮʝʣʦʩʪʥʦʩʪʴ ʠʥʪʝʨʬʝʡʩʘ ʠ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʝʛʦ ʧʦʚʝʜʝʥʠʷ. ʈʝʘʣʠʟʘʮʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ 

ʘʥʘʣʠʟ ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ ʦʩʥʦʚʘʥʠʡ React, ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʧʦʜʭʦʜʘ ʠ ʩʧʝʮʠʬʠʢʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʤʠ ʩʦʙʳʪʠʷʤʠ ʠ ʩʦʩʪʦʷʥʠʝʤ ʠʥʪʝʨʬʝʡʩʘ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʥʦʤ ʨʘʩʩʤʦʪʨʝʥʠʠ React ʥʝ ʢʘʢ 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʸʤʦʚ ʨʘʟʨʘʙʦʪʢʠ, ʘ ʢʘʢ ʮʝʣʦʩʪʥʦʡ ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʤʦʜʝʣʠ 

ʧʦʩʪʨʦʝʥʠʷ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʠʥʪʝʨʬʝʡʩʦʚ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʡʪʠ 

ʦʪ ʬʨʘʛʤʝʥʪʘʨʥʦʛʦ ʦʧʠʩʘʥʠʷ ʦʪʜʝʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʩʚʷʟʥʦʡ ʪʝʦʨʝʪʠʯʝʩʢʦʡ 

ʢʘʨʪʠʥʳ, ʦʪʨʘʞʘʶʱʝʡ ʚʥʫʪʨʝʥʥʶʶ ʣʦʛʠʢʫ ʨʘʙʦʪʳ React ʠ ʝʸ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʩʦʚʨʝʤʝʥʥʳʭ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ React ʜʣʷ ʩʦʟʜʘʥʠʷ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ 

ʠʥʪʝʨʬʝʡʩʘ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʠʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʠʥʪʝʨʬʝʡʩʘ ʢʘʢ ʧʨʦʛʨʘʤʤʥʦʡ 

ʘʙʩʪʨʘʢʮʠʠ. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʙʠʙʣʠʦʪʝʢʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ʠʥʪʝʨʧʨʝʪʠʨʫʝʪʩʷ ʥʝ 

ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʴ ʨʘʟʨʦʟʥʝʥʥʳʭ DOM-ɻ ʣʝʤʝʥʪʦʚ, ʘ ʢʘʢ ʠʝʨʘʨʭʠʷ ʢʦʤʧʦʥʝʥʪʦʚ, ʢʘʞʜʳʡ ʠʟ 

ʢʦʪʦʨʳʭ ʦʧʠʩʳʚʘʝʪ ʩʦʙʩʪʚʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠ ʧʨʘʚʠʣʘ ʚʠʟʫʘʣʴʥʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ. ʊʘʢʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʬʦʨʤʠʨʫʝʪ ʮʝʣʦʩʪʥʫʶ ʤʦʜʝʣʴ ʠʥʪʝʨʬʝʡʩʥʦʡ ʩʠʩʪʝʤʳ, ʚ ʢʦʪʦʨʦʡ ʣʦʛʠʢʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʚʠʟʫʘʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʥʝ ʩʫʱʝʩʪʚʫʶʪ ʠʟʦʣʠʨʦʚʘʥʥʦ, ʘ ʦʙʨʘʟʫʶʪ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʩʚʷʟʘʥʥʫʶ ʩʪʨʫʢʪʫʨʫ. 

ʂʦʤʧʦʥʝʥʪ ʚ React ʚʳʩʪʫʧʘʝʪ ʢʘʢ ʤʠʥʠʤʘʣʴʥʘʷ ʝʜʠʥʠʮʘ ʠʥʪʝʨʬʝʡʩʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ, 

ʦʙʣʘʜʘʶʱʘʷ ʩʪʨʦʛʦ ʦʧʨʝʜʝʣʸʥʥʳʤʠ ʛʨʘʥʠʮʘʤʠ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ. ʆʥ ʠʥʢʘʧʩʫʣʠʨʫʝʪ ʩʪʨʫʢʪʫʨʫ 

ʨʘʟʤʝʪʢʠ, ʩʪʠʣʠ ʦʪʦʙʨʘʞʝʥʠʷ ʠ ʧʦʚʝʜʝʥʯʝʩʢʫʶ ʣʦʛʠʢʫ, ʩʚʷʟʘʥʥʫʶ ʩ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʤʠ 

ʩʦʙʳʪʠʷʤʠ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʬʦʨʤʠʨʦʚʘʪʴ ʠʥʪʝʨʬʝʡʩʳ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ 
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ʤʦʜʫʣʴʥʦʩʪʠ, ʯʪʦ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʚʘʞʥʦ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʣʦʞʥʳʭ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʩʠʩʪʝʤ. ɺ 

ʦʪʣʠʯʠʝ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ ʧʦʜʭʦʜʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʧʨʷʤʦʡ ʤʘʥʠʧʫʣʷʮʠʠ DOM, ʢʦʤʧʦʥʝʥʪʥʘʷ 

ʤʦʜʝʣʴ React ʠʩʢʣʶʯʘʝʪ ʥʝʷʚʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ ʠʥʪʝʨʬʝʡʩʘ ʠ ʩʥʠʞʘʝʪ 

ʚʝʨʦʷʪʥʦʩʪʴ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʧʦʙʦʯʥʳʭ ʵʬʬʝʢʪʦʚ [2]. 

ɸʨʭʠʪʝʢʪʫʨʥʦʝ ʟʥʘʯʝʥʠʝ React ʪʘʢʞʝ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʦʪʢʘʟʝ ʦʪ ʠʤʧʝʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʤ ʠʥʪʝʨʬʝʡʩʦʤ. ʀʥʪʝʨʬʝʡʩʥʦʝ ʩʦʩʪʦʷʥʠʝ ʚ React ʟʘʜʘʸʪʩʷ ʜʝʢʣʘʨʘʪʠʚʥʦ, ʯʪʦ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʨʘʟʨʘʙʦʪʯʠʢ ʦʧʠʩʳʚʘʝʪ ʥʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʧʝʨʘʮʠʡ ʠʟʤʝʥʝʥʠʷ ʠʥʪʝʨʬʝʡʩʘ, 

ʘ ʫʩʣʦʚʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʠʥʪʝʨʬʝʡʩ ʜʦʣʞʝʥ ʥʘʭʦʜʠʪʴʩʷ ʚ ʦʧʨʝʜʝʣʸʥʥʦʤ ʚʠʟʫʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ. 

ʊʘʢʦʝ ʦʧʠʩʘʥʠʝ ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʱʘʝʪ ʬʦʨʤʘʣʠʟʘʮʠʶ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʩʮʝʥʘʨʠʝʚ ʠ ʧʦʚʳʰʘʝʪ 

ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʧʦʚʝʜʝʥʠʷ ʠʥʪʝʨʬʝʡʩʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʜʝʡʩʪʚʠʷʭ. 

ʂʣʶʯʝʚʳʤ ʵʣʝʤʝʥʪʦʤ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʠʥʪʝʨʬʝʡʩʦʚ, ʩʦʟʜʘʚʘʝʤʳʭ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ React, ʷʚʣʷʝʪʩʷ ʫʧʨʘʚʣʝʥʠʝ ʩʦʩʪʦʷʥʠʝʤ. ʉʦʩʪʦʷʥʠʝ ʚ ʜʘʥʥʦʤ ʢʦʥʪʝʢʩʪʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ ʜʘʥʥʳʭ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʪʝʢʫʱʝʝ ʦʪʦʙʨʘʞʝʥʠʝ ʠ ʧʦʚʝʜʝʥʠʝ 

ʠʥʪʝʨʬʝʡʩʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʃʶʙʦʝ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʝ ʜʝʡʩʪʚʠʝ, ʚʢʣʶʯʘʷ ʚʚʦʜ ʜʘʥʥʳʭ, 

ʥʘʚʠʛʘʮʠʶ, ʘʢʪʠʚʘʮʠʶ ʵʣʝʤʝʥʪʦʚ ʫʧʨʘʚʣʝʥʠʷ ʠʣʠ ʠʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʦʪʦʙʨʘʞʝʥʠʷ, 

ʧʨʠʚʦʜʠʪ ʢ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʩʦʩʪʦʷʥʠʷ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʠʥʠʮʠʠʨʫʝʪ ʦʙʥʦʚʣʝʥʠʝ 

ʠʥʪʝʨʬʝʡʩʘ. 

React ʨʝʘʣʠʟʫʝʪ ʩʪʨʦʛʫʶ ʤʦʜʝʣʴ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʛʦ ʧʦʪʦʢʘ ʜʘʥʥʳʭ, ʧʨʠ ʢʦʪʦʨʦʡ 

ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʩʚʝʨʭʫ ʚʥʠʟ ʧʦ ʠʝʨʘʨʭʠʠ ʢʦʤʧʦʥʝʥʪʦʚ. ʊʘʢʦʡ ʧʦʜʭʦʜ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʝʜʩʢʘʟʫʝʤʦʩʪʴ ʧʦʚʝʜʝʥʠʷ ʠʥʪʝʨʬʝʡʩʘ ʠ ʧʦʟʚʦʣʷʝʪ ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʠʩʪʦʯʥʠʢ ʢʘʞʜʦʛʦ ʠʟʤʝʥʝʥʠʷ. ɺ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʡ ʠʥʪʝʨʘʢʪʠʚʥʦʩʪʠ ʜʘʥʥʘʷ ʤʦʜʝʣʴ 

ʧʨʠʦʙʨʝʪʘʝʪ ʦʩʦʙʫʶ ʟʥʘʯʠʤʦʩʪʴ, ʧʦʩʢʦʣʴʢʫ ʠʩʢʣʶʯʘʝʪ ʮʠʢʣʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠ 

ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʳʝ ʦʙʥʦʚʣʝʥʠʷ ʠʥʪʝʨʬʝʡʩʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʀʥʪʝʨʘʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ, ʪʘʢʠʝ ʢʘʢ 

ʬʦʨʤʳ, ʚʳʧʘʜʘʶʱʠʝ ʩʧʠʩʢʠ, ʧʝʨʝʢʣʶʯʘʪʝʣʠ ʩʦʩʪʦʷʥʠʡ ʠ ʵʣʝʤʝʥʪʳ ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ, ʚ 

React ʨʝʘʣʠʟʫʶʪʩʷ ʢʘʢ ʫʧʨʘʚʣʷʝʤʳʝ ʢʦʤʧʦʥʝʥʪʳ. ʀʭ ʩʦʩʪʦʷʥʠʝ ʭʨʘʥʠʪʩʷ ʣʠʙʦ ʣʦʢʘʣʴʥʦ 

ʚʥʫʪʨʠ ʢʦʤʧʦʥʝʥʪʘ, ʣʠʙʦ ʚʦ ʚʥʝʰʥʝʤ ʭʨʘʥʠʣʠʱʝ ʩʦʩʪʦʷʥʠʷ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʘʩʰʪʘʙʦʚ 

ʠʥʪʝʨʬʝʡʩʥʦʡ ʣʦʛʠʢʠ. ʇʨʠ ʵʪʦʤ ʢʘʞʜʦʝ ʠʟʤʝʥʝʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʚʚʦʜʘ ʥʝʤʝʜʣʝʥʥʦ 

ʦʪʨʘʞʘʝʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʢʦʤʧʦʥʝʥʪʘ, ʘ ʚʠʟʫʘʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʩʠʥʭʨʦʥʠʟʠʨʫʝʪʩʷ ʩ ʘʢʪʫʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ. ʊʘʢʘʷ ʤʦʜʝʣʴ ʦʙʝʩʧʝʯʠʚʘʝʪ ʣʦʛʠʯʝʩʢʫʶ 

ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʠʥʪʝʨʬʝʡʩʘ ʠ ʤʠʥʠʤʠʟʠʨʫʝʪ ʨʘʩʭʦʞʜʝʥʠʷ ʤʝʞʜʫ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʤʠ 

ʜʝʡʩʪʚʠʷʤʠ ʠ ʦʪʦʙʨʘʞʘʝʤʳʤ ʨʝʟʫʣʴʪʘʪʦʤ. ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʚ ʢʦʥʪʝʢʩʪʝ ʠʥʪʝʨʘʢʪʠʚʥʦʩʪʠ 

ʠʤʝʝʪ ʨʘʟʛʨʘʥʠʯʝʥʠʝ ʣʦʢʘʣʴʥʦʛʦ ʠ ʛʣʦʙʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʃʦʢʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʧʦʚʝʜʝʥʠʝʤ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʪʦʛʜʘ ʢʘʢ ʛʣʦʙʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ 

ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʜʘʥʥʳʭ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʯʘʩʪʷʤʠ ʠʥʪʝʨʬʝʡʩʘ. React 

ʜʦʧʫʩʢʘʝʪ ʠʥʪʝʛʨʘʮʠʶ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʫʧʨʘʚʣʝʥʠʷ ʩʦʩʪʦʷʥʠʝʤ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʤʘʩʰʪʘʙʠʨʦʚʘʪʴ ʠʥʪʝʨʬʝʡʩʥʳʝ ʨʝʰʝʥʠʷ ʙʝʟ ʥʘʨʫʰʝʥʠʷ ʘʨʭʠʪʝʢʪʫʨʥʦʡ 

ʮʝʣʦʩʪʥʦʩʪʠ. ʆʜʥʦʡ ʠʟ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ React ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʚʠʨʪʫʘʣʴʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠʥʪʝʨʬʝʡʩʘ, ʢʦʪʦʨʦʝ ʩʣʫʞʠʪ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʩʣʦʝʤ ʤʝʞʜʫ 

ʣʦʛʠʢʦʡ ʧʨʠʣʦʞʝʥʠʷ ʠ ʨʝʘʣʴʥʳʤ DOM. ɺʠʨʪʫʘʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʘʙʩʪʨʘʢʪʥʦʝ ʜʝʨʝʚʦ ʵʣʝʤʝʥʪʦʚ, ʦʪʨʘʞʘʶʱʝʝ ʪʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ ʠʥʪʝʨʬʝʡʩʘ. ʇʨʠ ʠʟʤʝʥʝʥʠʠ 

ʩʦʩʪʦʷʥʠʷ React ʬʦʨʤʠʨʫʝʪ ʥʦʚʦʝ ʚʠʨʪʫʘʣʴʥʦʝ ʜʝʨʝʚʦ ʠ ʚʳʧʦʣʥʷʝʪ ʝʛʦ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʩ 

ʧʨʝʜʳʜʫʱʝʡ ʚʝʨʩʠʝʡ, ʦʧʨʝʜʝʣʷʷ ʤʠʥʠʤʘʣʴʥʳʡ ʥʘʙʦʨ ʠʟʤʝʥʝʥʠʡ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ 

ʦʙʥʦʚʣʝʥʠʷ ʨʝʘʣʴʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ [3]. 

ɼʘʥʥʳʡ ʤʝʭʘʥʠʟʤ ʠʤʝʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠʥʪʝʨʘʢʪʠʚʥʳʭ 

ʵʣʝʤʝʥʪʦʚ, ʧʦʩʢʦʣʴʢʫ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʦʙʨʘʙʘʪʳʚʘʪʴ ʯʘʩʪʳʝ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ, 

ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɺ ʫʩʣʦʚʠʷʭ ʠʥʪʝʥʩʠʚʥʦʡ 

ʠʥʪʝʨʘʢʪʠʚʥʦʩʪʠ, ʢʦʛʜʘ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʝ ʜʝʡʩʪʚʠʷ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʤʥʦʞʝʩʪʚʝʥʥʳʤ 
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ʦʙʥʦʚʣʝʥʠʷʤ ʠʥʪʝʨʬʝʡʩʘ ʚ ʢʦʨʦʪʢʠʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ, ʦʧʪʠʤʠʟʘʮʠʷ ʦʙʥʦʚʣʝʥʠʡ 

ʩʪʘʥʦʚʠʪʩʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦʡ. React ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʘʢʫʶ ʦʧʪʠʤʠʟʘʮʠʶ ʟʘ ʩʯʸʪ ʤʠʥʠʤʠʟʘʮʠʠ 

ʦʧʝʨʘʮʠʡ ʩ ʨʝʘʣʴʥʳʤ DOM, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʨʝʩʫʨʩʦʸʤʢʠʤʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʚʠʨʪʫʘʣʴʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʫʩʪʦʡʯʠʚʳʭ ʠʥʪʝʨʬʝʡʩʥʳʭ 

ʩʮʝʥʘʨʠʝʚ. ʈʘʟʨʘʙʦʪʯʠʢ ʤʦʞʝʪ ʦʧʝʨʠʨʦʚʘʪʴ ʣʦʛʠʯʝʩʢʠʤʠ ʩʦʩʪʦʷʥʠʷʤʠ ʠ ʘʙʩʪʨʘʢʪʥʳʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ, ʥʝ ʚʥʠʢʘʷ ʚ ʜʝʪʘʣʠ ʥʠʟʢʦʫʨʦʚʥʝʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʤʝʥʪʘʤʠ ʩʪʨʘʥʠʮʳ. ʕʪʦ 

ʩʥʠʞʘʝʪ ʩʣʦʞʥʦʩʪʴ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʠʥʪʝʨʬʝʡʩʦʚ ʠ ʧʦʟʚʦʣʷʝʪ ʩʦʩʨʝʜʦʪʦʯʠʪʴʩʷ 

ʥʘ ʣʦʛʠʢʝ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʀʥʪʝʨʘʢʪʠʚʥʦʩʪʴ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ 

ʚ React ʨʝʘʣʠʟʫʝʪʩʷ ʯʝʨʝʟ ʩʦʙʳʪʠʡʥʫʶ ʤʦʜʝʣʴ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʚʷʟʴ ʤʝʞʜʫ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʤʠ ʜʝʡʩʪʚʠʷʤʠ ʠ ʠʟʤʝʥʝʥʠʷʤʠ ʩʦʩʪʦʷʥʠʷ. ʉʦʙʳʪʠʷ ʚ React ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ 

ʥʘ ʫʨʦʚʥʝ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʘʙʩʪʨʘʢʮʠʶ ʥʘʜ ʥʘʪʠʚʥʳʤʠ ʩʦʙʳʪʠʷʤʠ 

ʙʨʘʫʟʝʨʘ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʡ ʤʝʭʘʥʠʟʤ ʦʙʨʘʙʦʪʢʠ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʚʚʦʜʘ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʧʣʘʪʬʦʨʤʝʥʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ. ʂʘʞʜʳʡ 

ʠʥʪʝʨʘʢʪʠʚʥʳʡ ʵʣʝʤʝʥʪ ʠʥʪʝʨʬʝʡʩʘ, ʙʫʜʴ ʪʦ ʢʥʦʧʢʘ, ʧʦʣʝ ʚʚʦʜʘ ʠʣʠ ʩʣʦʞʥʳʡ ʩʦʩʪʘʚʥʦʡ 

ʢʦʤʧʦʥʝʥʪ, ʨʝʘʛʠʨʫʝʪ ʥʘ ʩʦʙʳʪʠʷ ʧʦʩʨʝʜʩʪʚʦʤ ʬʫʥʢʮʠʡ-ʦʙʨʘʙʦʪʯʠʢʦʚ. ʕʪʠ ʬʫʥʢʮʠʠ 

ʠʥʠʮʠʠʨʫʶʪ ʠʟʤʝʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʥʦʚʣʝʥʠʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʙʨʘʙʦʪʢʘ ʩʦʙʳʪʠʡ ʚ React ʩʪʨʦʛʦ ʧʦʜʯʠʥʝʥʘ ʧʨʠʥʮʠʧʫ 

ʜʝʪʝʨʤʠʥʠʟʤʘ: ʧʨʠ ʦʜʠʥʘʢʦʚʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʦʜʠʥʘʢʦʚʦʤ ʩʦʙʳʪʠʠ ʨʝʟʫʣʴʪʘʪ ʦʙʥʦʚʣʝʥʠʷ 

ʠʥʪʝʨʬʝʡʩʘ ʙʫʜʝʪ ʠʜʝʥʪʠʯʝʥ. ʕʪʦ ʩʚʦʡʩʪʚʦ ʠʤʝʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʘʜʸʞʥʳʭ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʩʠʩʪʝʤ [4].  

ʀʥʪʝʨʘʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ ʚ React ʤʦʛʫʪ ʙʳʪʴ ʢʘʢ ʘʪʦʤʘʨʥʳʤʠ, ʪʘʢ ʠ ʩʦʩʪʘʚʥʳʤʠ. 

ʉʦʩʪʘʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʦʙʲʝʜʠʥʷʶʪ ʥʝʩʢʦʣʴʢʦ ʵʣʝʤʝʥʪʦʚ ʫʧʨʘʚʣʝʥʠʷ ʠ ʨʝʘʣʠʟʫʶʪ ʩʣʦʞʥʳʝ 

ʩʮʝʥʘʨʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʚʢʣʶʯʘʷ ʧʦʰʘʛʦʚʳʝ ʬʦʨʤʳ, ʜʠʥʘʤʠʯʝʩʢʫʶ ʬʠʣʴʪʨʘʮʠʶ ʜʘʥʥʳʭ ʠ 

ʘʜʘʧʪʠʚʥʫʶ ʥʘʚʠʛʘʮʠʶ. ʇʨʠ ʵʪʦʤ ʢʘʞʜʳʡ ʫʨʦʚʝʥʴ ʚʣʦʞʝʥʥʦʩʪʠ ʢʦʤʧʦʥʝʥʪʦʚ ʩʦʭʨʘʥʷʝʪ 

ʩʦʙʩʪʚʝʥʥʫʶ ʣʦʛʠʢʫ ʦʙʨʘʙʦʪʢʠ ʩʦʙʳʪʠʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʳʩʪʨʘʠʚʘʪʴ ʤʥʦʛʦʫʨʦʚʥʝʚʳʝ 

ʠʥʪʝʨʬʝʡʩʥʳʝ ʩʪʨʫʢʪʫʨʳ ʙʝʟ ʧʦʪʝʨʠ ʫʧʨʘʚʣʷʝʤʦʩʪʠ. ɼʣʷ ʙʦʣʝʝ ʥʘʛʣʷʜʥʦʛʦ ʧʦʥʠʤʘʥʠʷ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ React ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʩʦʧʦʩʪʘʚʠʪʴ ʝʛʦ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʧʨʠʥʮʠʧʳ 

ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʧʦʜʭʦʜʘʤʠ ʢ ʩʦʟʜʘʥʠʶ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʠʥʪʝʨʬʝʡʩʦʚ. 

ʊʘʢʦʝ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʩʠʩʪʝʤʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʢʦʤʧʦʥʝʥʪʥʦʡ ʠ 

ʜʝʢʣʘʨʘʪʠʚʥʦʡ ʤʦʜʝʣʠ React ʚ ʢʦʥʪʝʢʩʪʝ ʫʧʨʘʚʣʝʥʠʷ ʠʥʪʝʨʘʢʪʠʚʥʦʩʪʴʶ (ʊʘʙʣʠʮʘ). 
 

ʊʘʙʣʠʮʘ  

ʉʈɸɺʅʀʊɽʃʔʅɸʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʇʆɼʍʆɼʆɺ 

ʂ ʉʆɿɼɸʅʀʖ ʀʅʊɽʈɸʂʊʀɺʅʓʍ ʇʆʃʔɿʆɺɸʊɽʃʔʉʂʀʍ ʀʅʊɽʈʌɽʁʉʆɺ 
 

ʂʨʠʪʝʨʠʡ ʘʥʘʣʠʟʘ ʊʨʘʜʠʮʠʦʥʥʳʝ ʧʦʜʭʦʜʳ ʢ UI React-ʧʦʜʭʦʜ 

ʄʦʜʝʣʴ ʫʧʨʘʚʣʝʥʠʷ 

ʠʥʪʝʨʬʝʡʩʦʤ 

ʀʤʧʝʨʘʪʠʚʥʘʷ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ 

ʧʨʷʤʳʭ ʠʟʤʝʥʝʥʠʷʭ DOM 

ɼʝʢʣʘʨʘʪʠʚʥʘʷ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ 

ʩʦʩʪʦʷʥʠʠ 

ʆʨʛʘʥʠʟʘʮʠʷ ʠʥʪʝʨʘʢʪʠʚʥʳʭ 

ʵʣʝʤʝʥʪʦʚ 

ʈʘʟʨʦʟʥʝʥʥʳʝ ʦʙʨʘʙʦʪʯʠʢʠ 

ʩʦʙʳʪʠʡ 

ʂʦʤʧʦʥʝʥʪʥʘʷ ʠʥʢʘʧʩʫʣʷʮʠʷ 

ʣʦʛʠʢʠ 

ʋʧʨʘʚʣʝʥʠʝ ʩʦʩʪʦʷʥʠʝʤ ʅʝʷʚʥʦʝ, ʨʘʩʧʨʝʜʝʣʸʥʥʦʝ ʌʦʨʤʘʣʠʟʦʚʘʥʥʦʝ, 

ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʝ 

ʄʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ 

ʠʥʪʝʨʬʝʡʩʘ 

ʆʛʨʘʥʠʯʝʥʥʘʷ ʧʨʠ ʨʦʩʪʝ 

ʩʣʦʞʥʦʩʪʠ 

ɺʳʩʦʢʘʷ ʟʘ ʩʯʸʪ ʤʦʜʫʣʴʥʦʩʪʠ 

ʇʨʝʜʩʢʘʟʫʝʤʦʩʪʴ ʧʦʚʝʜʝʥʠʷ ɿʘʚʠʩʠʪ ʦʪ ʧʦʨʷʜʢʘ ʦʧʝʨʘʮʠʡ ʆʧʨʝʜʝʣʷʝʪʩʷ ʩʦʩʪʦʷʥʠʝʤ ʠ 

ʚʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ 

 
ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ React ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʡʪʠ 

ʦʪ ʬʨʘʛʤʝʥʪʘʨʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠʥʪʝʨʘʢʪʠʚʥʦʩʪʴʶ ʢ ʩʠʩʪʝʤʥʦʤʫ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʠʥʪʝʨʬʝʡʩʦʚ. ʂʦʤʧʦʥʝʥʪʥʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʜʝʢʣʘʨʘʪʠʚʥʦʝ ʦʧʠʩʘʥʠʝ 
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ʠʥʪʝʨʬʝʡʩʘ ʬʦʨʤʠʨʫʶʪ ʦʩʥʦʚʫ ʜʣʷ ʫʩʪʦʡʯʠʚʳʭ ʠ ʤʘʩʰʪʘʙʠʨʫʝʤʳʭ ʨʝʰʝʥʠʡ, ʦʩʦʙʝʥʥʦ ʚ 

ʫʩʣʦʚʠʷʭ ʫʩʣʦʞʥʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʩʮʝʥʘʨʠʝʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ React ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʚʝʙ-

ʧʨʠʣʦʞʝʥʠʷʭ ʦʪʨʘʞʘʝʪ ʙʦʣʝʝ ʰʠʨʦʢʠʡ ʩʜʚʠʛ ʚ ʧʘʨʘʜʠʛʤʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ 

ʠʥʪʝʨʬʝʡʩʦʚ. ʀʥʪʝʨʘʢʪʠʚʥʦʩʪʴ ʧʝʨʝʩʪʘʸʪ ʙʳʪʴ ʥʘʙʦʨʦʤ ʦʪʜʝʣʴʥʳʭ ʵʬʬʝʢʪʦʚ ʠ ʧʨʝʚʨʘʱʘʝʪʩʷ 

ʚ ʩʠʩʪʝʤʥʦʝ ʩʚʦʡʩʪʚʦ ʠʥʪʝʨʬʝʡʩʘ, ʚʩʪʨʦʝʥʥʦʝ ʚ ʝʛʦ ʘʨʭʠʪʝʢʪʫʨʫ. React ʧʨʝʜʦʩʪʘʚʣʷʝʪ 

ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ ʜʣʷ ʬʦʨʤʘʣʠʟʘʮʠʠ ʵʪʦʡ ʠʥʪʝʨʘʢʪʠʚʥʦʩʪʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʩʪʨʦʛʫʶ ʩʚʷʟʴ ʤʝʞʜʫ 

ʩʦʩʪʦʷʥʠʝʤ, ʩʦʙʳʪʠʷʤʠ ʠ ʚʠʟʫʘʣʴʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ [5]. 

ɺ ʫʩʣʦʚʠʷʭ ʨʦʩʪʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʥʘʩʳʱʝʥʥʦʩʪʠ ʮʠʬʨʦʚʳʭ ʩʝʨʚʠʩʦʚ ʠ ʫʚʝʣʠʯʝʥʠʷ 

ʪʨʝʙʦʚʘʥʠʡ ʢ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʤʫ ʦʧʳʪʫ React ʚʳʩʪʫʧʘʝʪ ʢʘʢ ʩʨʝʜʩʪʚʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠʥʪʝʨʬʝʡʩʥʳʭ ʨʝʰʝʥʠʡ. ɽʛʦ ʧʨʠʤʝʥʝʥʠʝ ʧʦʟʚʦʣʷʝʪ 

ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʠʥʪʝʨʬʝʡʩʳ, ʚ ʢʦʪʦʨʳʭ ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ ʥʝ ʥʘʨʫʰʘʶʪ ʮʝʣʦʩʪʥʦʩʪʴ 

ʩʠʩʪʝʤʳ, ʘ, ʥʘʧʨʦʪʠʚ, ʫʩʠʣʠʚʘʶʪ ʝʸ ʣʦʛʠʯʝʩʢʫʶ ʩʚʷʟʘʥʥʦʩʪʴ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

React ʜʣʷ ʩʦʟʜʘʥʠʷ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʩʣʝʜʫʝʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʢʘʢ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʚʳʙʦʨ, ʥʦ ʠ ʢʘʢ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ, 

ʦʧʨʝʜʝʣʷʶʱʝʝ ʢʘʯʝʩʪʚʦ ʠ ʥʘʜʸʞʥʦʩʪʴ ʩʦʚʨʝʤʝʥʥʳʭ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ. 

ʇʨʦʚʝʜʸʥʥʳʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ React ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝ 

ʯʘʩʪʥʦʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ, ʘ ʮʝʣʦʩʪʥʳʡ ʘʨʭʠʪʝʢʪʫʨʥʳʡ ʧʦʜʭʦʜ ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ 

ʩʦʚʨʝʤʝʥʥʳʭ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ. React ʬʦʨʤʠʨʫʝʪ ʢʦʥʮʝʧʪʫʘʣʴʥʫʶ ʤʦʜʝʣʴ, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʦʡ 

ʠʥʪʝʨʘʢʪʠʚʥʦʩʪʴ ʠʥʪʝʨʬʝʡʩʘ ʠʟʥʘʯʘʣʴʥʦ ʟʘʣʦʞʝʥʘ ʚ ʩʪʨʫʢʪʫʨʫ ʧʨʠʣʦʞʝʥʠʷ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʚʟʘʠʤʦʩʚʷʟʴʶ ʩʦʩʪʦʷʥʠʷ, ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʩʦʙʳʪʠʡʥʦʡ ʣʦʛʠʢʠ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʩʠʩʪʝʤʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʠʥʪʝʨʬʝʡʩʦʚ ʠ ʧʦʟʚʦʣʷʝʪ ʦʪʢʘʟʘʪʴʩʷ ʦʪ 

ʬʨʘʛʤʝʥʪʘʨʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʚʠʟʫʘʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ. ʂʣʶʯʝʚʦʝ ʟʥʘʯʝʥʠʝ React ʟʘʢʣʶʯʘʝʪʩʷ 

ʚ ʬʦʨʤʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʫʧʨʘʚʣʝʥʠʷ ʩʦʩʪʦʷʥʠʝʤ ʢʘʢ ʦʩʥʦʚʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʠʥʪʝʨʘʢʪʠʚʥʦʩʪʠ. 

ʏʸʪʢʦʝ ʨʘʟʛʨʘʥʠʯʝʥʠʝ ʠʩʪʦʯʥʠʢʦʚ ʜʘʥʥʳʭ, ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʡ ʧʦʪʦʢ ʠʟʤʝʥʝʥʠʡ ʠ 

ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʘʷ ʨʝʘʢʮʠʷ ʠʥʪʝʨʬʝʡʩʘ ʥʘ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʝ ʜʝʡʩʪʚʠʷ ʩʦʟʜʘʶʪ ʫʩʣʦʚʠʷ ʜʣʷ 

ʧʨʝʜʩʢʘʟʫʝʤʦʛʦ ʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʛʦ ʧʦʚʝʜʝʥʠʷ ʠʥʪʝʨʬʝʡʩʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ 

ʧʨʠʦʙʨʝʪʘʝʪ ʦʩʦʙʫʶ ʟʥʘʯʠʤʦʩʪʴ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʣʦʞʥʳʭ ʠʥʪʝʨʬʝʡʩʦʚ, ʚ ʢʦʪʦʨʳʭ 

ʤʥʦʞʝʩʪʚʝʥʥʳʝ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʝ ʩʮʝʥʘʨʠʠ ʪʨʝʙʫʶʪ ʩʪʨʦʛʦʡ ʣʦʛʠʯʝʩʢʦʡ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʠ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʠʟʤʝʥʝʥʠʶ ʢʦʥʪʝʢʩʪʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʠʨʪʫʘʣʴʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠʥʪʝʨʬʝʡʩʘ ʠ ʤʝʭʘʥʠʟʤʦʚ ʦʧʪʠʤʠʟʘʮʠʠ 

ʦʙʥʦʚʣʝʥʠʡ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ React ʢʘʢ ʠʥʩʪʨʫʤʝʥʪ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʙʘʣʘʥʩ ʤʝʞʜʫ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʥʘʩʳʱʝʥʥʦʩʪʴʶ ʠʥʪʝʨʬʝʡʩʘ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ. ʀʥʪʝʨʘʢʪʠʚʥʳʝ 

ʵʣʝʤʝʥʪʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʯʘʩʪʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʩʦʩʪʦʷʥʠʷ, ʨʝʘʣʠʟʫʶʪʩʷ ʙʝʟ ʧʨʷʤʦʛʦ 

ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʚ ʩʪʨʫʢʪʫʨʫ ʜʦʢʫʤʝʥʪʘ, ʯʪʦ ʩʥʠʞʘʝʪ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʠʟʜʝʨʞʢʠ ʠ ʧʦʚʳʰʘʝʪ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʠʥʪʝʨʬʝʡʩʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʦʩʪʠʛʘʝʪʩʷ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʘʜʘʧʪʠʚʥʦʩʪʠ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʙʝʟ ʫʪʨʘʪʳ ʫʧʨʘʚʣʷʝʤʦʩʪʠ ʘʨʭʠʪʝʢʪʫʨʳ ʧʨʠʣʦʞʝʥʠʷ. 

ʂʦʤʧʦʥʝʥʪʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʠʥʪʝʨʬʝʡʩʘ ʚ React ʩʧʦʩʦʙʩʪʚʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʫʩʪʦʡʯʠʚʳʭ ʠ 

ʤʘʩʰʪʘʙʠʨʫʝʤʳʭ ʨʝʰʝʥʠʡ, ʚ ʢʦʪʦʨʳʭ ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ ʥʝ ʠʟʦʣʠʨʦʚʘʥʳ, ʘ ʚʩʪʨʦʝʥʳ ʚ 

ʠʝʨʘʨʭʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʧʨʠʣʦʞʝʥʠʷ. ʀʥʢʘʧʩʫʣʷʮʠʷ ʣʦʛʠʢʠ ʠ ʚʠʟʫʘʣʴʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʚʥʫʪʨʠ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦʟʚʦʣʷʝʪ ʩʦʭʨʘʥʷʪʴ ʮʝʣʦʩʪʥʦʩʪʴ ʠʥʪʝʨʬʝʡʩʘ ʧʨʠ ʝʛʦ ʨʘʩʰʠʨʝʥʠʠ ʠ 

ʤʦʜʠʬʠʢʘʮʠʠ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʚ ʫʩʣʦʚʠʷʭ ʜʦʣʛʦʩʨʦʯʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʦʛʨʘʤʤʥʳʭ 

ʧʨʦʜʫʢʪʦʚ ʠ ʵʚʦʣʶʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ. ɺ ʩʦʚʦʢʫʧʥʦʩʪʠ ʠʟʣʦʞʝʥʥʳʝ ʧʦʣʦʞʝʥʠʷ 

ʧʦʟʚʦʣʷʶʪ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ React ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʵʬʬʝʢʪʠʚʥʫʶ ʘʨʭʠʪʝʢʪʫʨʥʫʶ ʦʩʥʦʚʫ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʠʥʪʝʨʬʝʡʩʦʚ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʫʶ ʥʘ ʣʦʛʠʯʝʩʢʫʶ 

ʩʚʷʟʥʦʩʪʴ, ʧʨʝʜʩʢʘʟʫʝʤʦʩʪʴ ʧʦʚʝʜʝʥʠʷ ʠ ʩʪʨʫʢʪʫʨʥʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ. ʇʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʛʦ 

ʧʦʜʭʦʜʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʝʨʝʭʦʜ ʦʪ ʵʤʧʠʨʠʯʝʩʢʦʛʦ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʠʥʪʝʨʬʝʡʩʦʚ ʢ 
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ʬʦʨʤʘʣʠʟʦʚʘʥʥʦʤʫ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʩʠʩʪʝʤ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʦʚʨʝʤʝʥʥʳʤ 

ʪʨʝʙʦʚʘʥʠʷʤ ʢ ʢʘʯʝʩʪʚʫ ʠ ʥʘʜʸʞʥʦʩʪʠ ʮʠʬʨʦʚʳʭ ʧʨʦʜʫʢʪʦʚ. 
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ɸʥʥʦʪʘʮʠʷ. ʄʘʩʰʪʘʙʥʳʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʡ ʧʨʦʝʢʪ çʉʝʚʝʨʥʳʡ ʰʠʨʦʪʥʳʡ ʭʦʜè ʜʘʸʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʚʦʟʠʪʴ ʛʨʫʟʳ ʩ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʘ ʗʤʘʣʝ. ʇʨʦʝʢʪ ʦʨʠʝʥʪʠʨʦʚʘʥ ʥʘ ʦʩʚʦʝʥʠʝ, 

ʟʘʩʝʣʝʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʥʦʚʳʭ ʪʝʨʨʠʪʦʨʠʡ, ʦʙʣʘʜʘʶʱʠʭ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʧʨʠʨʦʜʥʳʤʠ ʨʝʩʫʨʩʘʤʠ. 

ʅʦʚʘʷ ʜʦʨʦʛʘʷ ʩʜʝʣʘʝʪ ʨʝʥʪʘʙʝʣʴʥʦʡ ʨʘʟʨʘʙʦʪʢʫ ʥʝʩʢʦʣʴʢʠʭ ʢʨʫʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʨʝʛʠʦʥʘ, 

ʢʦʪʦʨʳʝ ʩʝʡʯʘʩ ʩʯʠʪʘʶʪʩʷ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʤʠ. ʉʝʚʝʨʥʳʡ ʰʠʨʦʪʥʳʡ ʭʦʜ ð ʧʨʦʝʢʪ, ʢʦʪʦʨʳʡ 

ʜʝʩʷʪʠʣʝʪʠʷʤʠ ʥʘʟʳʚʘʣʠ çʦʩʥʦʚʦʡ  ʘʨʢʪʠʯʝʩʢʦʡ ʣʦʛʠʩʪʠʢʠè, ʩʥʦʚʘ ʩʪʦʣʢʥʫʣʩʷ ʩ ʩʫʨʦʚʦʡ 

ʨʝʘʣʴʥʦʩʪʴʶ ï ʜʝʬʠʮʠʪʦʤ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʠ ʧʨʠʦʩʪʘʥʦʚʢʝ ʢʦʥʮʝʩʩʠʦʥʥʦʛʦ ʩʦʛʣʘʰʝʥʠʷ ʥʘ 

ʪʨʠ ʛʦʜʘ. ʎʝʣʴ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʵʪʦʪ ʧʨʦʝʢʪ ʩ ʠʩʪʦʨʠʠ ʝʛʦ ʧʦʷʚʣʝʥʠʷ ʠ 

ʨʘʩʩʤʦʪʨʝʪʴ ʢʘʢʠʝ ʬʠʥʘʥʩʦʚʳʝ ʧʨʦʙʣʝʤʳ ʚ ʝʛʦ ʨʝʘʣʠʟʘʮʠʠ ʥʘ ʪʝʢʫʱʝʝ ʚʨʝʤʷ ʚʦʟʥʠʢʣʠ. 

 

Abstract. The large-scale infrastructure project "Northern Latitudinal Passage" enables the 

transportation of cargo from Yamal fields. The project is aimed at the development, settlement, and 

expansion of new territories endowed with significant natural resources. The new road will make the 

development of several large deposits in the region, currently considered difficult to access, 

profitable. The Northern Latitudinal Passage, a project for decades called "the backbone of Arctic 

logistics," has once again encountered a harsh reality: a funding shortage and a three-year suspension 

of the concession agreement. This article analyzes this project from its inception and examines the 

financial challenges it has faced to date. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʝʚʝʨʥʳʡ ʰʠʨʦʪʥʳʡ ʭʦʜ, ɸʨʢʪʠʢʘ, ʛʨʫʟʦʚʘʷ ʙʘʟʘ, ʢʦʥʮʝʩʩʠʦʥʥʦʝ 

ʩʦʛʣʘʰʝʥʠʷ. 

 

Keywords: Northern Latitudinal Passage, Arctic, cargo base, concession agreement. 

 

ɻʝʦʵʢʦʥʦʤʠʯʝʩʢʦʝ ʠ ʛʝʦʧʦʣʠʪʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ ʈʦʩʩʠʠ ʚ ɸʨʢʪʠʯʝʩʢʦʡ ʟʦʥʝ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʢʦʣʦʩʩʘʣʴʥʳʤ ʙʦʛʘʪʩʪʚʦʤ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, ʥʘʣʠʯʠʝʤ 

ʪʨʘʥʩʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʤʘʨʰʨʫʪʦʚ, ʉʝʚʝʨʥʦʛʦ ʤʦʨʩʢʦʛʦ ʧʫʪʠ, ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʴʶ.  ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚʦʟʥʠʢʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ 

ʩʝʚʝʨʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʚ ʢʘʯʝʩʪʚʝʥʥʦʤ ʘʩʧʝʢʪʝ ʩ ʮʝʣʴʶ ʟʘʱʠʪʳ ʥʘʮʠʦʥʘʣʴʥʦʡ ʵʢʦʥʦʤʠʢʠ ʦʪ 

ʧʦʩʪʦʷʥʥʳʭ ʩʢʘʯʢʦʚ ʤʠʨʦʚʳʭ ʮʝʥ ʥʘ ʨʷʜ ʵʢʩʧʦʨʪʥʳʭ ʪʦʚʘʨʦʚ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ 

ʧʨʠʦʙʨʝʪʘʝʪ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʪʨʘʥʩʧʦʨʪʥʳʭ ʢʦʨʠʜʦʨʦʚ, ʢʦʪʦʨʳʝ ʧʨʠʟʚʘʥʳ ʦʙʝʩʧʝʯʠʪʴ 

ʪʨʘʥʩʧʦʨʪʥʫʶ ʜʦʩʪʫʧʥʦʩʪʴ ʚ ʩʘʤʳʝ ʦʪʜʘʣʝʥʥʳʝ ʨʝʛʠʦʥʳ ʩʪʨʘʥʳ, ʫʚʝʣʠʯʠʪʴ ʦʙʲʝʤʳ 

ʛʨʫʟʦʧʝʨʝʚʦʟʦʢ, ʦʩʚʦʠʪʴ ʙʦʛʘʪʝʡʰʠʝ ʧʨʠʨʦʜʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʜʨ. ʉʪʨʦʠʪʝʣʴʩʪʚʘ 
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ʉʝʚʝʨʥʦʛʦ ʰʠʨʦʪʥʦʛʦ ʭʦʜʘ, ʩʧʦʩʦʙʥʦʛʦ ʨʝʰʠʪʴ ʩʪʨʘʪʝʛʠʯʝʩʢʠʝ ʟʘʜʘʯʠ ʩʪʨʘʥʳ. ɺʩʧʦʤʥʠʤ ʩ 

ʯʝʛʦ ʚʩʸ ʥʘʯʠʥʘʣʦʩʴ. ʇʨʦʝʢʪ ʉʝʚʝʨʥʳʡ ʰʠʨʦʪʥʳʡ ʭʦʜ ʟʘʜʫʤʳʚʘʣʩʷ ʝʱʸ ʚ 1928 ʛʦʜʫ, ʥʫʞʥʦ 

ʙʳʣʦ ï ʩʚʷʟʘʪʴ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʤʠ ʧʫʪʷʤʠ ʟʘʧʦʣʷʨʥʳʝ ʨʝʛʠʦʥʳ ʩʪʨʘʥʳ ʩ ʎʝʥʪʨʘʣʴʥʦʡ 

ʈʦʩʩʠʝʡ ʠ ʉʝʚʝʨʦ-ɿʘʧʘʜʦʤ. ʇʫʪʠ ʜʦʣʞʥʳ ʙʳʣʠ ʪʷʥʫʪʴʩʷ ʦʪ ʙʝʨʝʛʦʚ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ ʚʦʩʪʦʯʥʝʝ 

ɸʨʭʘʥʛʝʣʴʩʢʘ ʜʦ ʧʦʙʝʨʝʞʴʷ ʆʭʦʪʩʢʦʛʦ ʤʦʨʷ ʠ ʜʦ ʏʫʢʦʪʢʠ.  ʇʨʝʜʧʦʣʘʛʘʣʦʩʴ,  ʯʪʦ ʟʘ ʩʯʸʪ 

ʨʘʟʚʠʪʠʷ ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʤʦʞʥʦ ʨʝʰʠʪʴ ʢʦʤʧʣʝʢʩ ʟʘʜʘʯ ï ʦʙʝʩʧʝʯʠʪʴ ʫʜʦʙʥʫʶ 

ʩʚʷʟʴ ʩ ʩʝʚʝʨʥʳʤʠ ʧʦʨʪʘʤʠ, ʫʢʨʝʧʠʪʴ ʦʙʦʨʦʥʫ ʘʨʢʪʠʯʝʩʢʠʭ ʨʫʙʝʞʝʡ ʠ ʥʘʯʘʪʴ ʘʢʪʠʚʥʦʝ 

ʦʩʚʦʝʥʠʝ ʟʘʧʦʣʷʨʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʩ ʠʭ ʙʦʛʘʪʳʤʠ ʥʝʜʨʘʤʠ ʠ ʩʫʨʦʚʳʤ ʢʣʠʤʘʪʦʤ. ʂ 

ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʩʤʦʛʣʠ ʧʨʠʩʪʫʧʠʪʴ ʪʦʣʴʢʦ ʚ ʧʦʩʣʝʚʦʝʥʥʦʝ ʚʨʝʤʷ ʩ 1947 ʛ ʧʦ 1953 ʛ 

(https://gudok.ru/newspaper/?ID=1534124). 

ɺ 1949 ʛʦʜʫ ʜʦʨʦʛʦʩʪʦʷʱʠʡ ʧʨʦʝʢʪ ʙʳʣ ʩʚʸʨʥʫʪ. ʀʟʥʘʯʘʣʴʥʦ ʩʪʨʦʡʢʫ ʧʦʧʳʪʘʣʠʩʴ 

ʟʘʢʦʥʩʝʨʚʠʨʦʚʘʪʴ, ʦʜʥʘʢʦ ʜʘʞʝ ʢʦʥʩʝʨʚʘʮʠʷ ʧʦʢʘʟʘʣʘʩʴ ʩʣʠʰʢʦʤ ʪʨʫʜʦʸʤʢʠʤ ʧʨʦʮʝʩʩʦʤ. ɺ 

ʠʪʦʛʝ ʧʨʦʝʢʪ ʙʳʣ ʟʘʢʨʳʪ ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʫʧʦʤʠʥʘʣʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚ ʤʝʤʫʘʨʘʭ ʩʦʚʝʪʩʢʠʭ 

ʜʠʩʩʠʜʝʥʪʦʚ ʧʦʜ ʠʤʝʥʝʤ çʄʸʨʪʚʘʷ ʜʦʨʦʛʘè. ɺ ʤʘʨʪʝ 2017 ʛ ʆɸʆ çʈɾɼè ʠ çɻʘʟʧʨʦʤè 

ʟʘʢʣʶʯʠʣʠ ʩʦʛʣʘʰʝʥʠʝ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʪʦʨʳʤ ʚ ʨʘʤʢʘʭ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʉʐʍ çɻʘʟʧʨʦʤè 

ʧʦʩʪʨʦʠʪ ʠ ʚʚʝʜʸʪ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʞʝʣʝʟʥʫʶ ʜʦʨʦʛʫ ʅʘʜʳʤ ï ʇʘʥʛʦʜʳ ʧʨʦʪʷʞʸʥʥʦʩʪʴʶ 112 

ʢʤ. ʆɸʆ çʈɾɼè ʚ ʨʘʤʢʘʭ ʩʚʦʝʡ ʠʥʚʝʩʪʠʮʠʦʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʚʳʧʦʣʥʠʪ ʨʝʢʦʥʩʪʨʫʢʮʠʶ 

ʧʨʠʤʳʢʘʶʱʠʭ ʫʯʘʩʪʢʦʚ ʂʦʥʦʰʘ ï ʂʦʪʣʘʩ ï ʏʫʤ ï ʃʘʙʳʪʥʘʥʛʠ ʉʝʚʝʨʥʦʡ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ, 

ʚʢʣʶʯʘʷ ʩʪʘʥʮʠʶ ʆʙʩʢʘʷ, ʘ ʪʘʢʞʝ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ ʣʠʥʠʠ ʇʘʥʛʦʜʳ ï ʅʦʚʳʡ ʋʨʝʥʛʦʡ ï 

ʂʦʨʦʪʯʘʝʚʦ ʉʚʝʨʜʣʦʚʩʢʦʡ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ. ʇʨʦʝʢʪ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ 

ʦʩʥʦʚʥʳʝ ʫʯʘʩʪʥʠʢʠ ʇʨʦʝʢʪʘ (ʆɸʆ çʈɾɼè, ʇɸʆ çɻʘʟʧʨʦʤè, ʗʅɸʆ) ʬʠʥʘʥʩʠʨʫʶʪ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʶ ʦʙʲʝʢʪʦʚ ʩʦʙʩʪʚʝʥʥʦʡ ʫʞʝ ʠʤʝʶʱʝʡʩʷ  ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʥʦʚʳʭ ʦʙʲʝʢʪʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʩʨʝʜʩʪʚ 

ʯʘʩʪʥʳʭ ʠʥʚʝʩʪʦʨʦʚ ʧʦ ʢʦʥʮʝʩʩʠʦʥʥʦʡ ʩʭʝʤʝ. ʋʯʘʩʪʥʠʢʠ ʧʨʦʝʢʪʘ ʉʐʍ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʈʠʩʫʥʢʝ 1. 

 

 
 

ʈʠʩʫʥʦʢ 1 ʋʯʘʩʪʥʠʢʠ ʧʨʦʝʢʪʘ ʉʐʍ 

 

ʉʦʛʣʘʩʥʦ ʧʨʦʝʢʪʫ ʢʦʥʮʝʩʩʠʦʥʥʦʛʦ ʩʦʛʣʘʰʝʥʠʷ ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ (ʚ ʣʠʮʝ 

ʈʦʩʞʝʣʜʦʨ) ʚʳʩʪʫʧʘʝʪ ʢʦʥʮʝʜʝʥʪʦʤ, ʘ ʢʦʥʮʝʩʩʠʦʥʝʨʦʤ ʦʧʨʝʜʝʣʝʥʘ ʩʧʝʮʠʘʣʴʥʘʷ ʧʨʦʝʢʪʥʘʷ 

ʢʦʤʧʘʥʠʷ (ʜʘʣʝʝ ʉʇʂ-ʂʦʥʮʝʩʩʠʦʥʝʨ) ð ʜʦʯʝʨʥʝʝ ʦʙʱʝʩʪʚʦ ʆɸʆ èʈɾɼè. ʌʠʥʘʥʩʠʨʦʚʘʥʠʝ 

ʧʨʦʝʢʪʘ ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʟʘ ʩʯʝʪ ʢʦʥʮʝʩʩʠʦʥʥʦʛʦ ʩʦʛʣʘʰʝʥʠʷ, ʉʇʂ-ʂʦʥʮʝʩʩʠʦʥʝʨ ʟʘ ʩʯʝʪ 

ʩʦʙʩʪʚʝʥʥʳʭ ʠ ʧʨʠʚʣʝʯʝʥʥʳʭ ʩʨʝʜʩʪʚ ʧʦʩʪʨʦʠʪ ʞʝʣʝʟʥʦʜʦʨʦʞʥʫʶ ʯʘʩʪʴ ʤʦʩʪʦʚʦʛʦ ʧʝʨʝʭʦʜʘ 

ʯʝʨʝʟ ʨʝʢʫ ʆʙʴ ʩ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʤʠ ʧʦʜʭʦʜʘʤʠ; ʫʯʘʩʪʦʢ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ ʉʘʣʝʭʘʨʜ ï ʅʘʜʳʤ 

(ʍʦʨʝʡ); ʞʝʣʝʟʥʦʜʦʨʦʞʥʫʶ ʯʘʩʪʴ ʤʦʩʪʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʯʝʨʝʟ ʨʝʢʫ ʅʘʜʳʤ. ʆɸʆ çʈɾɼè 

ʧʨʦʬʠʥʘʥʩʠʨʫʝʪ ʨʘʟʚʠʪʠʝ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʉʐʍ ʩʦ ʩʪʦʨʦʥʳ ʉʚʝʨʜʣʦʚʩʢʦʡ ʠ 

ʉʝʚʝʨʥʦʡ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ. ʇɸʆ çɻʘʟʧʨʦʤè ʙʫʜʝʪ ʬʠʥʘʥʩʠʨʦʚʘʪʴ ʨʘʟʚʠʪʠʝ ʞ.ʜ. ʫʯʘʩʪʢʘ ʍʦʨʝʡï

ʇʘʥʛʦʜʳ. 
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ʈʠʩʫʥʦʢ 2. ʋʯʘʩʪʥʠʢʠ ʧʨʦʝʢʪʘ ʉʇʂ-ʂʦʥʮʝʩʩʠʦʥʝʨ 

 

ʄʘʩʰʪʘʙʥʳʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʡ ʧʨʦʝʢʪ ʧʨʝʜʦʩʪʘʚʠʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʚʦʟʠʪʴ ʛʨʫʟʳ ʩ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʘ ʗʤʘʣʝ, ʧʣʘʥʠʨʫʝʤʳʡ ʛʨʫʟʦʧʦʪʦʢ ʦʮʝʥʠʚʘʝʪʩʷ ʧʦʯʪʠ ʚ 24 ʤʣʥ ʪ/ʚ ʛʦʜ ʛʨʫʟʦʚ. 

ɺ ʦʩʥʦʚʥʦʤ ʵʪʦ ð ʛʘʟʦʚʳʡ ʢʦʥʜʝʥʩʘʪ. ʈʦʩʩʠʷ ʧʦʣʫʯʠʪ ʩʚʷʟʴ ʤʝʞʜʫ ʛʦʨʦʜʘʤʠ ʩʝʚʝʨʘ, 

ʩʦʝʜʠʥʝʥʠʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ, ʘ ʪʘʢʞʝ ʨʘʟʚʠʪʠʝ ʉʝʚʤʦʨʧʫʪʠ. ʆʙʨʘʪʥʦ ʧʦʡʜʫʪ 

ʩʪʨʦʠʪʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʪʝʭʥʠʢʘ, ʩʨʝʜʩʪʚʘ ʩʥʘʙʞʝʥʠʷ ʠ ʦʙʝʩʧʝʯʝʥʠʷ, ʧʨʦʜʫʢʪʳ ʠ ʤʥʦʛʦʝ 

ʜʨʫʛʦʝ. ʊʘʢʞʝ ʥʦʚʘʷ ʜʦʨʦʛʘʷ ʩʜʝʣʘʝʪ ʨʝʥʪʘʙʝʣʴʥʦʡ ʨʘʟʨʘʙʦʪʢʫ ʥʝʩʢʦʣʴʢʠʭ ʢʨʫʧʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʨʝʛʠʦʥʘ, ʢʦʪʦʨʳʝ ʩʝʡʯʘʩ ʩʯʠʪʘʶʪʩʷ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʤʠ. ɺ ʧʝʨʩʧʝʢʪʠʚʝ ʜʦ 2030 

ʛ ʧʨʝʜʫʩʤʘʪʨʠʚʘʣʦʩʴ  ʧʨʦʜʦʣʞʠʪʴ ʤʘʛʠʩʪʨʘʣʴ ʦʪ ʂʦʨʦʪʯʘʝʚʦ ʥʘ ʚʦʩʪʦʢ ʜʦ ʀʛʘʨʢʠ ʯʝʨʝʟ ʖʞʥʦ-

ʈʫʩʩʢʦʝ ʥʝʬʪʝʛʘʟʦʚʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ (ʅɻʄ) ʠ ɽʨʤʘʢʦʚʦ. ʇʨʦʪʷʞʝʥʥʦʩʪʴ ʤʘʛʠʩʪʨʘʣʠ: 

ʂʦʨʦʪʯʘʝʚʦ ï ʖʞʥʦ-ʈʫʩʩʢʦʝ ʅɻʄ ï 122 ʢʤ; ʖʞʥʦ-ʈʫʩʩʢʦʝ ʅɻʄ ï ʀʛʘʨʢʘ ï 482 ʢʤ. ɺ ʢʘʯʝʩʪʚʝ 

ʝʱʝ ʙʦʣʝʝ ʜʘʣʴʥʝʡ ʧʝʨʩʧʝʢʪʠʚʳ ʧʣʘʥʠʨʦʚʘʣʦʩʴ  ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ ʀʛʘʨʢʘ ï 

ɼʫʜʠʥʢʘ (ʈʠʩʫʥʦʢ 3). 

 

 
 

ʈʠʩʫʥʦʢ 3. ɺʦʟʤʦʞʥʦʝ ʧʨʦʜʦʣʞʝʥʠʝ ʉʝʚʝʨʥʦʛʦ ʰʠʨʦʪʥʦʛʦ ʭʦʜʘ ʚ ʂʨʘʩʥʦʷʨʩʢʠʡ ʢʨʘʡ  
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ɺ ɸʨʢʪʠʯʝʩʢʦʤ ʟʦʥʝ ʈʌ ʢʘʧʠʪʘʣʴʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʪʨʘʥʩʧʦʨʪʥʫʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʦʯʝʥʴ 

ʚʳʩʦʢʠ. ɿʘʯʘʩʪʫʶ, ʦʪʜʝʣʴʥʳʝ ʩʳʨʴʝʚʳʝ ʢʦʤʧʘʥʠʠ ʨʘʟʨʘʙʘʪʳʚʘʶʪ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ, ʦʙʳʯʥʦ 

ʥʝʩʦʛʣʘʩʦʚʘʥʥʳʝ ʤʝʞʜʫ ʩʦʙʦʡ, ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʪʨʘʪʝʛʠʠ ʨʘʟʚʠʪʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʧʨʘʚʜʘʥʥʦʤʫ ʧʦʚʪʦʨʫ ʪʨʘʥʩʧʦʨʪʥʳʭ ʦʙʲʝʢʪʦʚ, ʨʦʩʪʫ ʩʦʚʦʢʫʧʥʳʭ ʟʘʪʨʘʪ. ɺʤʝʩʪʝ 

ʩ ʪʝʤ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʩʥʠʞʝʥʠʷ ʨʠʩʢʦʚ ʜʫʙʣʠʨʦʚʘʥʠʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʦʙʱʝʛʦ ʧʦʣʴʟʦʚʘʥʠʷ 

ʬʘʢʪʠʯʝʩʢʠ ʥʝ ʧʨʦʠʟʚʦʜʠʪʩʷ, ʚʨʝʤʝʥʥʳʝ ʧʨʠʯʘʣʳ ʨʘʟʨʫʰʘʶʪʩʷ, ʟʠʤʥʠʢʠ ʠʩʯʝʟʘʶʪ ʙʝʩʩʣʝʜʥʦ, 

ʪʦʛʜʘ ʢʘʢ ʧʨʝʠʤʫʱʝʩʪʚʘ ʢʨʫʛʣʦʛʦʜʠʯʥʦʛʦ ʩʦʦʙʱʝʥʠʷ, ʜʝʡʩʪʚʫʶʱʝʛʦ ʥʝ ʛʦʜ ʠ ʥʝ ʜʚʘ, ʘ 

ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʠʣʝʪʠʡ, ʦʜʥʦʟʥʘʯʥʳ ʠ ʠʭ ʥʝʣʴʟʷ ʧʝʨʝʦʮʝʥʠʪʴ. ɺ ʪʝʢʫʱʝʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʩʠʪʫʘʮʠʠ ʚ  ʈʦʩʩʠʠ ʧʨʦʝʢʪ ʩʪʘʥʦʚʠʪʩʷ ʧʨʦʙʣʝʤʥʳʤ. ʇʨʠ  ʜʝʡʩʪʚʫʶʱʝʡ ʪʝʢʫʱʝʡ ʢʣʶʯʝʚʦʡ 

ʩʪʘʚʢʝ ʠ ʜʝʬʠʮʠʪʝ ʙʶʜʞʝʪʘ ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ ʪʘʢʠʭ ʦʙʲʝʢʪʦʚ ʟʘ ʩʯʸʪ ʢʨʝʜʠʪʥʳʭ ʩʨʝʜʩʪʚ 

ʩʪʘʥʦʚʠʪʩʷ ʥʝʧʦʜʲʸʤʥʳʤ ʙʨʝʤʝʥʝʤ ʜʣʷ ʣʶʙʦʛʦ ʢʦʥʮʝʩʩʠʦʥʝʨʘ. ɻʣʘʚʥʘʷ ʧʨʦʙʣʝʤʘ ʉʐʍ ð 

ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʡ ʨʦʩʪ ʩʪʦʠʤʦʩʪʠ. ɽʩʣʠ ʚ 2017 ʛʦʜʫ ʦʮʝʥʢʠ ʚʘʨʴʠʨʦʚʘʣʠʩʴ ʚ ʧʨʝʜʝʣʘʭ 230ï

260 ʤʣʨʜ ʨʫʙʣʝʡ, ʪʦ ʩʝʛʦʜʥʷ ʚ 2026 ʛʦʜʫ ʘʢʪʫʘʣʴʥʘʷ ʩʤʝʪʘ ʧʨʝʚʳʰʘʝʪ 800 ʤʣʨʜ. ʉʘʤʳʡ ʜʦʨʦʛʦʡ 

ʦʙʲʝʢʪ ð ʤʦʩʪ ʯʝʨʝʟ ʆʙʴ. ɽʛʦ ʩʪʦʠʤʦʩʪʴ ʦʮʝʥʠʚʘʝʪʩʷ ʚ 150ï180 ʤʣʨʜ ʨʫʙʣʝʡ. ɺ ʫʩʣʦʚʠʷʭ 

ʜʝʬʠʮʠʪʘ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ, ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʦ ʝʛʦ ʟʘʤʘʨʦʟʢʠ ʥʘ 3 ʛʦʜʘ. ɿʘʤʦʨʦʟʢʘ ð ɻ ʪʦ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʯʠʪʘʪʴ ʪʝʢʫʱʠʝ ʨʘʩʭʦʜʳ ʠ ʨʘʟʨʘʙʦʪʘʪʴ ʥʦʚʫʶ ʬʠʥʘʥʩʦʚʫʶ ʤʦʜʝʣʴ. ʅʘ ʧʝʨʠʦʜ 

ʧʘʫʟʳ ʛʦʩʫʜʘʨʩʪʚʦ ʤʦʞʝʪ ʚʟʷʪʴ ʥʘ ʩʝʙʷ ʦʙʩʣʫʞʠʚʘʥʠʝ ʥʘʢʦʧʣʝʥʥʦʛʦ ʜʦʣʛʘ, ʘ ʢʦʥʮʝʩʩʠʦʥʝʨ ð 

ʣʠʰʴ ʦʧʝʨʘʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ ʧʨʦʝʢʪʥʦʡ ʢʦʤʧʘʥʠʠ. ɼʘʞʝ ʝʩʣʠ ʜʝʥʴʛʠ ʙʫʜʫʪ ʥʘʡʜʝʥʳ, ʦʩʪʘʸʪʩʷ 

ʛʣʘʚʥʳʡ ʚʦʧʨʦʩ: ʯʪʦ ʚʦʟʠʪʴ? ʇʝʨʚʦʥʘʯʘʣʴʥʳʝ ʧʨʦʛʥʦʟʳ ʦʧʠʨʘʣʠʩʴ ʥʘ ʦʙʷʟʘʪʝʣʴʩʪʚʘ 

çɻʘʟʧʨʦʤʘè ʠ çʅʦʚʘʪʵʢʘè, ʥʦ ʪʝʢʫʱʘʷ ʛʝʦʧʦʣʠʪʠʯʝʩʢʘʷ ʠ ʨʳʥʦʯʥʘʷ ʩʠʪʫʘʮʠʷ ʚʥʝʩʣʘ 

ʢʦʨʨʝʢʪʠʚʳ. ʂʦʤʧʘʥʠʠ ʨʘʟʚʠʚʘʶʪ ʩʦʙʩʪʚʝʥʥʳʝ ʣʦʛʠʩʪʠʯʝʩʢʠʝ ʤʘʨʰʨʫʪʳ (ʉʇɻ-ʪʘʥʢʝʨʳ), ʠ 

ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ ʩʥʠʞʘʝʪʩʷ. ʕʢʩʧʦʨʪ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʫʛʣʷ ʧʨʠ ʪʝʢʫʱʠʭ 

ʪʘʨʠʬʘʭ ʪʘʢʞʝ ʩʪʘʥʦʚʠʪʩʷ ʥʝʨʝʥʪʘʙʝʣʴʥʳʤ, ʘ ʚʦʟʤʦʞʥʦʩʪʠ ʚʳʚʦʟʘ ʫʚʝʣʠʯʝʥʥʦʛʦ ʛʨʫʟʦʧʦʪʦʢʘ 

ʤʦʨʝʤ ʯʝʨʝʟ ʉʘʙʝʪʪʫ ʪʨʝʙʫʶʪ ʨʘʟʚʠʪʠʷ ʣʝʜʦʢʦʣʴʥʦʛʦ ʬʣʦʪʘ, ʩʨʦʢʠ ʧʦ ʢʦʪʦʨʦʤʫ ʪʘʢʞʝ 

ʩʜʚʠʛʘʶʪʩʷ. ʉʐʍ ʩʝʡʯʘʩ ð ɻʪʦ çʨʝʟʝʨʚʥʳʡè ʧʨʦʝʢʪ ʠ ʢʦʛʜʘ ʥʘ ɺʦʩʪʦʯʥʳʡ ʧʦʣʠʛʦʥ ʥʝ ʭʚʘʪʘʝʪ 

3 ʪʨʠʣʣʠʦʥʦʚ, ʚʢʣʘʜʳʚʘʪʴ 800 ʤʠʣʣʠʘʨʜʦʚ ʚ ɸʨʢʪʠʢʫ ʩ ʥʝʦʯʝʚʠʜʥʦʡ ʦʢʫʧʘʝʤʦʩʪʴʶ ð ɻ ʪʦ 

ʬʠʥʘʥʩʦʚʦʝ ʦʰʠʙʢʘ. ʇʘʫʟʘ ʜʘʩʪ ʚʨʝʤʷ ʧʦʥʷʪʴ, ʥʫʞʝʥ ʣʠ ʥʘʤ ʵʪʦʪ ʢʦʨʠʜʦʨ ʚ ʪʝʢʫʱʝʤ ʚʠʜʝ ʠʣʠ 

ʝʛʦ ʩʪʦʠʪ ʩʦʢʨʘʪʠʪʴ, ʥʘʧʨʠʤʝʨ, ʠʩʢʣʶʯʠʚ ʤʦʩʪ ʯʝʨʝʟ ʆʙʴ ʠʟ ʢʦʥʮʝʩʩʠʠ ʠ ʧʝʨʝʜʘʚ ʝʛʦ ʚ 

ʠʥʚʝʩʪʧʨʦʛʨʘʤʤʫ ʆɸʦ çʈɾɼè. ɻʦʩʫʜʘʨʩʪʚʦ ʜʘʸʪ ʧʦʥʷʪʴ: ɸʨʢʪʠʢʘ ʚʘʞʥʘ, ʥʦ ʥʝ ʙʝʟʛʨʘʥʠʯʥʘ ʚ 

ʧʣʘʥʝ ʪʨʘʪ. ɼʣʷ ʈɾɼ ʠ ʨʝʛʠʦʥʘʣʴʥʳʭ ʚʣʘʩʪʝʡ ʵʪʦ ʰʘʥʩ ʧʨʦʚʝʩʪʠ ʨʝʘʣʴʥʳʡ ʘʫʜʠʪ ʛʨʫʟʦʚʦʡ ʙʘʟʳ 

ʠ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ. ɽʩʣʠ ʯʝʨʝʟ ʪʨʠ ʛʦʜʘ ʉʐʍ ʥʝ ʦʙʨʝʪʸʪ ʧʨʦʟʨʘʯʥʫʶ ʵʢʦʥʦʤʠʯʝʩʢʫʶ 

ʣʦʛʠʢʫ, ʦʥ ʨʠʩʢʫʝʪ ʥʘʚʩʝʛʜʘ ʦʩʪʘʪʴʩʷ ʚ ʠʩʪʦʨʠʠ ʢʘʢ ʩʘʤʳʡ ʘʤʙʠʮʠʦʟʥʳʡ çʥʝʜʦʩʪʨʦʡè XXI ʚʝʢʘ.  
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ʯʠʩʪʦʪʳ (Ó99.99%). ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʙʫʩʣʦʚʣʝʥʦ ʢʨʠʪʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʢʨʠʪʠʯʝʩʢʦʛʦ ʪʦʢʘ 

(Jc) ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʝʨʝʭʦʜʘ (Tc) ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʦʚ (ɺʊʉʇ) ʦʪ ʥʘʣʠʯʠʷ 

ʧʘʨʘʤʘʛʥʠʪʥʳʭ ʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ. ʈʘʟʨʘʙʦʪʘʥʘ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʘʷ ʩʭʝʤʘ, 

ʚʢʣʶʯʘʶʱʘʷ ʬʣʦʪʘʮʠʶ, ʢʠʩʣʦʪʥʦʝ ʚʳʱʝʣʘʯʠʚʘʥʠʝ ʠ ʚʘʢʫʫʤʥʦ-ʪʝʨʤʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ. 

ʇʦʣʫʯʝʥʥʳʡ BaO ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʝʥ ʚ ʩʠʥʪʝʟʝ ʢʝʨʘʤʠʢʠ Sb3Ba2Ca2Cu3O10-x, ʧʦʢʘʟʘʚʰʝʡ 

ʨʝʢʦʨʜʥʫʶ ʢʨʠʪʠʯʝʩʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ 25.10C. 

 

Abstract. This paper presents a comprehensive technology for processing natural barite 

(BaSO4) from the Sary-Taala deposit (Kyrgyzstan) into spectral-grade barium oxide (BaO) 

(Ó99.99%). The study is driven by the critical dependence of the critical current (Jc) and transition 

temperature (Tc) of high-temperature superconductors (HTS) on the presence of paramagnetic and 

dielectric impurities. A multi-stage scheme including flotation, acid leaching, and vacuum-thermal 

decomposition has been developed. The resulting BaO was successfully used in the synthesis of 

Sb3Ba2Ca2Cu3O10-x ceramics, which demonstrated a record critical temperature of 25.1
0C. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʘʨʠʪ, ʦʢʩʠʜ ʙʘʨʠʷ, ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʠ, ʦʯʠʩʪʢʘ, 

ʩʫʨʴʤʷʥʘʷ ʢʝʨʘʤʠʢʘ, ʉʘʨʳ-ʊʘʘʣʠʥʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ. 
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ʈʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ ʪʝʨʤʦʷʜʝʨʥʦʛʦ ʩʠʥʪʝʟʘ (ʧʨʦʝʢʪ ITER) ʠ ʢʚʘʥʪʦʚʳʭ ʚʳʯʠʩʣʝʥʠʡ 

ʪʨʝʙʫʝʪ ʩʦʟʜʘʥʠʷ ɺʊʉʇ-ʤʘʪʝʨʠʘʣʦʚ ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ɹʘʨʠʡ ʷʚʣʷʝʪʩʷ 

ʢʣʶʯʝʚʳʤ ʵʣʝʤʝʥʪʦʤ ʚ ʩʪʨʫʢʪʫʨʝ ʙʦʣʴʰʠʥʩʪʚʘ ʠʟʚʝʩʪʥʳʭ ɺʊʉʇ, ʪʘʢʠʭ ʢʘʢ YBa2Cu3O7-ŭ ʠ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʫʨʴʤʷʥʳʭ ʩʠʩʪʝʤ [1].  

ʆʜʥʘʢʦ ʧʨʠʨʦʜʥʳʝ ʠʩʪʦʯʥʠʢʠ ʙʘʨʠʷ (ʙʘʨʠʪ) ʩʦʜʝʨʞʘʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʨʠʤʝʩʠ SiO2, Fe2O3 

ʠ Al2O3, ʢʦʪʦʨʳʝ ʜʘʞʝ ʚ ʤʘʣʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʧʦʜʘʚʣʷʶʪ ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʴ ʟʘ ʩʯʝʪ 

ʜʝʟʠʥʪʝʛʨʘʮʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʠʣʠ ʩʦʟʜʘʥʠʷ ʮʝʥʪʨʦʚ ʨʘʩʩʝʷʥʠʷ [2]. 

ɿʘ ʧʦʩʣʝʜʥʠʝ 10 ʣʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʦʯʠʩʪʢʠ ʧʨʝʢʫʨʩʦʨʦʚ ʩʤʝʩʪʠʣʠʩʴ ʚ ʩʪʦʨʦʥʫ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʭ ʠ ʵʥʝʨʛʦ-ɻ ʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʘʨʙʦʥʘʪʥʦʛʦ ʮʠʢʣʘ 

ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʯʠʩʪʦʪʳ 99.9%, ʦʜʥʘʢʦ ʜʣʷ ɺʊʉʇ-ʢʝʨʘʤʠʢʠ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʪʨʝʙʫʶʪʩʷ 

ʧʦʢʘʟʘʪʝʣʠ ʫʨʦʚʥʷ ñExtra Pureò (Ó99.99%) [3, 4].  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʝʜʥʠʭ ʣʝʪ ʧʦʜʯʝʨʢʠʚʘʶʪ, ʯʪʦ ʧʘʨʘʤʘʛʥʠʪʥʳʝ ʧʨʠʤʝʩʠ ʞʝʣʝʟʘ (Fe3+) 

ʢʨʠʪʠʯʝʩʢʠ ʩʥʠʞʘʶʪ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ, ʘ ʩʠʣʠʢʘʪʥʳʝ ʬʘʟʳ ʙʣʦʢʠʨʫʶʪ ʤʝʞʛʨʘʥʫʣʷʨʥʳʝ 

ʢʦʥʪʘʢʪʳ [5, 6].  

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʧʦʣʫʯʝʥʠʷ ʩʚʝʨʭʯʠʩʪʦʛʦ BaO ʠʟ 

ʥʝʜʦʨʦʛʦʛʦ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʩʳʨʴʷ ʉʘʨʳ-ʊʘʘʣʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʜʣʷ ʩʠʥʪʝʟʘ ɺʊʉʇ ʥʦʚʦʛʦ 

ʧʦʢʦʣʝʥʠʷ. ʀʩʭʦʜʥʳʡ ʙʘʨʠʪ ʉʘʨʳ-ʊʘʘʣʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ BaSO4 (79.35%), ʥʦ ʦʩʣʦʞʥʝʥ ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʨʠʩʫʪʩʪʚʠʝʤ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ 

(15%) ʠ ʦʢʩʠʜʦʚ ʞʝʣʝʟʘ (1.5%) [7]. 

ʊʨʝʙʦʚʘʥʠʝ ʜʣʷ ɺʊʉʇ ʠ ʤʝʪʦʜʳ ʢʦʥʪʨʦʣʷ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʊʘʙʣʠʮʝ1.  
 

ʊʘʙʣʠʮʘ 1 

ʊʈɽɹʆɺɸʅʀɽ ɼʃʗ ɺʊʉʇ ʀ ʄɽʊʆɼʓ ʂʆʅʊʈʆʃʗ 
 

ʇʘʨʘʤʝʪʨ ʊʨʝʙʦʚʘʥʠʝ ʜʣʷ ɺʊʉʇ ʄʝʪʦʜ ʢʦʥʪʨʦʣʷ 

ʆʩʥʦʚʥʦʝ ʚʝʱʝʩʪʚʦ (BaO) Ó99.99% ICP-OES (ʧʦ ʨʘʟʥʦʩʪʠ) 

ʇʨʠʤʝʩʴ Fe < 10 ppm ICP-MS 

ʇʨʠʤʝʩʴ SiO < 100 ppm ʈʌɸ / ʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʷ 

ʆʪʘʪʦʯʥʳʡ CO < 0.01% ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

 

ʅʠʞʝ ʧʨʠʚʝʜʝʥʦ ʦʧʠʩʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʳ ʛʣʫʙʦʢʦʡ ʦʯʠʩʪʢʠ ʧʨʠʨʦʜʥʦʛʦ ʙʘʨʠʪʘ 

ʉʘʨ-rʊʘʘʣʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʂʳʨʛʳʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ ʩ ʮʝʣʴʶ ʩʠʥʪʝʟʘ ʚʳʩʦʢʦʯʠʩʪʦʛʦ 

BaO. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʵʪʘʧʳ ʦʯʠʩʪʢʠ 

1. ʆʙʦʛʘʱʝʥʠʝ (ʜʨʦʙʣʝʥʠʝ ʠ ʧʝʥʥʘʷ ʬʣʦʪʘʮʠʷ). ʅʘ ʵʪʦʤ ʵʪʘʧʝ ʦʩʥʦʚʥʦʡ ʮʝʣʴʶ ʷʚʣʷʝʪʩʷ 

ʤʝʭʘʥʠʯʝʩʢʦʝ ʦʪʜʝʣʝʥʠʝ ʙʘʨʠʪʘ (BaSO4) ʦʪ ʚʤʝʱʘʶʱʝʡ ʧʦʨʦʜʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ  ʜʠʦʢʩʠʜʦʤ ʢʨʝʤʥʠʷ (SiO2). ʉʳʨʴʝ ʠʟʤʝʣʴʯʘʝʪʩʷ ʜʦ ʬʨʘʢʮʠʠ 50ï100 ʤʢʤ, 

ʪʘʢ ʢʘʢ ʠʤʝʥʥʦ ʧʨʠ ʪʘʢʦʤ ʨʘʟʤʝʨʝ ʟʝʨʝʥ ʧʨʦʠʩʭʦʜʠʪ ʧʦʣʥʦʝ ʨʘʩʢʨʳʪʠʝ ʤʠʥʝʨʘʣʦʚ ʙʘʨʠʪʘ, 

ʦʪʜʝʣʷʷ ʠʭ ʦʪ ʩʨʦʩʪʢʦʚ ʩ ʢʚʘʨʮʝʤ. ɺ ʧʫʣʴʧʫ ʚʚʦʜʠʪʩʷ ʦʣʝʠʥʦʚʘʷ ʢʠʩʣʦʪʘ (C17H33COOH) ʚ 

ʢʘʯʝʩʪʚʝ ʩʦʙʠʨʘʪʝʣʷ. ʄʦʣʝʢʫʣʳ ʢʠʩʣʦʪʳ ʠʟʙʠʨʘʪʝʣʴʥʦ ʩʦʨʙʠʨʫʶʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʮ 

ʙʘʨʠʪʘ, ʧʨʠʜʘʚʘʷ ʠʤ ʛʠʜʨʦʬʦʙʥʳʝ ʩʚʦʡʩʪʚʘ. ʇʫʟʳʨʴʢʠ ʚʦʟʜʫʭʘ ʧʦʜʭʚʘʪʳʚʘʶʪ ʯʘʩʪʠʮʳ ʙʘʨʠʪʘ 

ʠ ʚʳʥʦʩʷʪ ʠʭ ʚ ʧʝʥʥʳʡ ʩʣʦʡ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʯʘʩʪʠʮʳ SiO2 (ʢʚʘʨʮ) ʦʩʪʘʶʪʩʷ ʚ ʦʩʘʜʢʝ (ʭʚʦʩʪʘʭ) 

ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʦʜʝʨʞʘʥʠʷ ʢʨʝʤʥʠʷ ʩʥʠʞʘʝʪʩʷ ʩ 15% ʜʦ <5% ʫʞʝ ʥʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʦʯʠʩʪʢʠ. 

2. ɻʠʜʨʦʭʠʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ (ʩʝʣʝʢʪʠʚʥʦʝ ʚʳʱʝʣʘʯʠʚʘʥʠʝ). ɼʘʥʥʳʡ ʵʪʘʧ ʥʘʧʨʘʚʣʝʥ ʥʘ 

ʧʝʨʝʚʦʜ ʧʨʠʤʝʩʝʡ ʚ ʨʘʩʪʚʦʨʠʤʫʶ ʬʦʨʤʫ ʜʣʷ ʭʠʤʠʯʝʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʤʝʪʘʣʣʦʚ-ʟʘʛʨʷʟʥʠʪʝʣʝʡ 

(Fe, Al, Ca). ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ ʯʪʦ BaSO4 ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʨʘʩʪʚʦʨʠʤ ʚ ʚʦʜʝ, ʦʙʨʘʙʦʪʢʘ 
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ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ HCl ʧʨʠ 800C ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʚʝʩʪʠ ʩʦʧʫʪʩʪʚʫʶʱʠʝ ʦʢʩʠʜʳ ʠ ʢʘʨʙʦʥʘʪʳ ʚ 

ʨʘʩʪʚʦʨʠʤʳʝ ʭʣʦʨʠʜʳ ʧʨ ʨʝʘʢʮʠʠ: Me2O3 + 6HCl Ÿ 2MeCl3 + 3H2O , ʛʜʝ Me = Fe, Al. 

ʂʣʶʯʝʚʳʤ ʤʦʤʝʥʪʦʤ ʷʚʣʷʝʪʩʷ ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʢʠʩʣʦʪʥʦʩʪʠ ʜʦ pH=8.5. ʇʨʠ ʜʘʥʥʦʤ 

ʟʥʘʯʝʥʠʠ ʛʠʜʨʦʢʩʠʜʳ ʞʝʣʝʟʘ (Fe(OH)3) ʠ ʘʣʶʤʠʥʠʷ (Al(OH)3) ʚʳʧʘʜʘʶʪ ʚ ʦʩʘʜʦʢ ʠ ʫʜʘʣʷʶʪʩʷ 

ʤʝʪʦʜʦʤ ʬʠʣʴʪʨʘʮʠʠ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʨʘʩʪʚʦʨ ʦʯʠʱʘʝʪʩʷ ʦʪ ʧʘʨʘʤʘʛʥʠʪʥʳʭ ʠʦʥʦʚ, ʥʘʣʠʯʠʝ 

ʢʦʪʦʨʳʭ ʛʫʙʠʪʝʣʴʥʦ ʜʣʷ ʩʚʦʡʩʪʚ ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʠ. 

ʊʝʨʤʠʯʝʩʢʠʡ ʮʠʢʣ (ʧʦʣʫʯʝʥʠʝ ʩʫʣʴʬʠʜʘ ʠ ʢʘʨʙʦʥʠʟʘʮʠʷ). ʇʨʷʤʦʡ ʧʝʨʝʚʦʜ ʩʫʣʴʬʘʪʘ ʚ 

ʦʢʩʠʜ ʟʘʪʨʫʜʥʝʥ, ʚ ʩʚʷʟʠ ʯʝʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʦʤʝʞʫʪʦʯʥʘʷ ʩʪʘʜʠʷ ʩʠʥʪʝʟʘ ʚʦʜʦʨʘʩʪʚʦʨʠʤʦʛʦ 

ʩʫʣʴʬʠʜʘ. ʇʨʠ 11000C ʚ ʚʘʢʫʫʤʥʦʡ ʧʝʯʠ ʧʨʦʪʝʢʘʝʪ ʨʝʘʢʮʠʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʙʘʨʠʪʘ  ʫʛʣʝʨʦʜʦʤ: 

BaSO4 + 2C Ÿ BaS + 2CO2ŷ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʘʢʫʫʤʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʵʬʬʝʢʪʠʚʥʦʤʫ ʫʜʘʣʝʥʠʶ ʛʘʟʦʦʙʨʘʟʥʳʭ ʧʨʦʜʫʢʪʦʚ, 

ʯʪʦ, ʩʦʛʣʘʩʥʦ ʧʨʠʥʮʠʧʫ ʃʝ ʐʘʪʝʣʴʝ, ʩʤʝʱʘʝʪ ʨʘʚʥʦʚʝʩʠʝ ʨʝʘʢʮʠʠ ʚʧʨʘʚʦ. ʇʦʣʫʯʝʥʥʳʡ 

ʩʫʣʴʬʠʜ ʙʘʨʠʷ BaS ʨʘʩʪʚʦʨʷʶʪ ʚ ʚʦʜʝ ʠ ʧʦʜʚʝʨʛʘʶʪ ʢʘʨʙʦʥʠʟʘʮʠʠ ʢʘʣʴʮʠʥʠʨʦʚʘʥʥʦʡ ʩʦʜʦʡ: 

BaS + Na2CO3 ŸBaCO3Ź+ Na2S. ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʡ 

ʢʘʨʙʦʥʘʪ ʙʘʨʠʷ ʚʳʩʦʢʦʡ  ʩʪʝʧʝʥʠ  ʯʠʩʪʦʪʳ. 

ʇʨʦʢʘʣʠʚʘʥʠʝ ʚ ʪʦʢʝ ʢʠʩʣʦʨʦʜʘ. ɿʘʢʣʶʯʠʪʝʣʴʥʳʡ ʵʪʘʧ ʧʨʝʚʨʘʱʘʝʪ ʢʘʨʙʦʥʘʪ ʚ ʘʢʪʠʚʥʳʡ 

ʦʢʩʠʜ ʙʘʨʠʷ, ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʢʝʨʘʤʠʢʠ, ʧʫʪʝʤ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

7000C: BaCO3 Ÿ BaO + CO2 ŷ. ʇʨʦʢʘʣʠʚʘʥʠʝ ʚʝʜʝʪʩʷ ʚ ʧʦʩʪʦʷʥʥʦʤ ʪʦʢʝ ʯʠʩʪʦʛʦ O2 (1 ʣ/ʤʠʥ). 

ʕʪʦ ʚʳʧʦʣʥʷʝʪ ʜʚʝ ʬʫʥʢʮʠʠ: 

ʂʠʥʝʪʠʯʝʩʢʘʷ: ʧʦʪʦʢ ʛʘʟʘ ʬʠʟʠʯʝʩʢʠ ʚʳʤʳʚʘʝʪ ʚʳʜʝʣʷʶʱʠʡʩʷ CO2, ʥʝ ʜʘʚʘʷ ʝʤʫ ʚʥʦʚʴ 

ʧʨʦʨʝʘʛʠʨʦʚʘʪʴ ʩ BaO (ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʨʝʢʘʨʙʦʥʠʟʘʮʠʠ). 

ʉʪʝʭʠʦʤʝʪʨʠʯʝʩʢʘʷ: ʥʘʩʳʱʝʥʠʝ ʧʨʝʢʫʨʩʦʨʘ ʢʠʩʣʦʨʦʜʦʤ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦ ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʬʘʟʳ Sb3Ba2Ca2Cu3O10-x, ʛʜʝ ʠʟʙʳʪʦʢ ʠʣʠ ʥʝʜʦʩʪʘʪʦʢ ʢʠʩʣʦʨʦʜʘ ʤʝʥʷʝʪ 

ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ ʦʪ ʜʠʵʣʝʢʪʨʠʢʘ ʜʦ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ,  ʥʘ ʚʳʭʦʜʝ ʧʦʣʫʯʘʝʪʩʷ ʨʳʭʣʳʡ ʧʦʨʦʰʦʢ BaO ʩ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ Ò50 ʤʢʤ, 

ʢʦʪʦʨʳʡ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʨʠ ʧʦʩʣʝʜʫʶʱʝʤ ʩʧʝʢʘʥʠʠ 

ʩʚʝʨʭʧʨʦʚʦʜʷʱʝʡ ʢʝʨʘʤʠʢʠ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʪʦʯʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʦʚ (ɺʊʉʇ) ʥʝʦʙʭʦʜʠʤʦ ʯʝʪʢʦ ʧʦʥʠʤʘʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʧʦʪʝʨʠ ʥʘ ʢʘʞʜʦʤ 

ʵʪʘʧʝ ʠ ʤʝʪʦʜʳ ʚʝʨʠʬʠʢʘʮʠʠ ʯʠʩʪʦʪʳ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ. 

ʈʘʩʯʝʪ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʙʘʣʘʥʩʘ. ʈʘʩʯʝʪ ʧʨʦʠʟʚʦʜʠʪʩʷ ʠʩʭʦʜʷ ʠʟ ʭʠʤʠʯʝʩʢʦʡ ʩʪʝʭʠʦʤʝʪʨʠʠ 

ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠʟʚʣʝʯʝʥʠʷ (K), ʫʢʘʟʘʥʥʳʭ ʚ ʦʧʠʩʘʥʠʠ ʪʝʭʥʦʣʦʛʠʠ. 

ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ: ʩʦʜʝʨʞʘʥʠʝ BaSO4 ʚ ʩʳʨʴʝ: 79.35%; ʤʦʣʷʨʥʳʝ ʤʘʩʩʳ (M): 

M(BaSO4) å233.4 ʛ/ʤʦʣʴ; M(BaO) å153.3 ʛ/ʤʦʣʴ.  

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʚʳʭʦʜʳ (K). ʌʣʦʪʘʮʠʷ: K1 = 0.92 (ʧʦʪʝʨʠ 8% ʩ ʭʚʦʩʪʘʤʠ). 

ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʜʦ BaS: K2 = 0.98 (ʢʦʥʚʝʨʩʠʷ 98%). ʂʘʨʙʦʥʠʟʘʮʠʷ ʠ ʧʨʦʢʘʣʠʚʘʥʠʝ: K3 = 0.95 

(ʩʫʤʤʘʨʥʳʝ ʧʦʪʝʨʠ ʥʘ ʬʠʣʴʪʨʘʮʠʠ ʠ ʧʳʣʝʫʥʦʩ). 

ʇʦʰʘʛʦʚʳʡ ʨʘʩʯʝʪ. ʉʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ (S): ʜʣ ̫ʧʦʣʫʯʝʥʠʷ 1 ʢʛ BaO 

ʪʝʦʨʝʪʠʯʝʩʢʠ ʪʨʝʙʫʝʪʩʷ: m(BaSO4)ʪʝʦʨ=M(BaSO4)/M(BaO) = 233.4/153.3 å1.522 ʢʛ. ʉ ʫʯʝʪʦʤ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʨʝʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʯʠʩʪʦʛʦ BaSO4 ʩ ʫʯʝʪʦʤ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʠʟʚʣʝʯʝʥʠʷ: m(BaSO4)ʨʝʘʣʴʥ=1.522/(K1K2 K3) = 1.522/(0.92*0.98*0.95) å1.522/0.856 å1.778 ʢʛ.  

ʉ ʫʯʝʪʦʤ ʯʠʩʪʦʪʳ ʠʩʭʦʜʥʦʛʦ ʙʘʨʠʪʘ (79.35%) ʠʪʦʛʦʚʘʷ ʤʘʩʩʘ ʧʨʠʨʦʜʥʦʛʦ ʙʘʨʠʪʘ (mʩʳʨʴʷ): 

mʩʳʨʴʷ = 1.778/0.7935 å2.24 ʢʛ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ 1 ʢʛ ʚʳʩʦʢʦʯʠʩʪʦʛʦ BaO ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʨʘʙʦʪʘʪʴ 2.24 ʢʛ 

ʧʨʠʨʦʜʥʦʛʦ ʙʘʨʠʪʘ ʉʘʨʳ-ʊʘʘʣʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʂʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ 

ʪʨʝʭ ʫʨʦʚʥʷʭ: ʚʭʦʜʥʦʡ ʢʦʥʪʨʦʣʴ ʩʳʨʴʷ, ʦʧʝʨʘʮʠʦʥʥʳʡ ʢʦʥʪʨʦʣʴ ʬʘʟʦʚʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʠ 

ʬʠʥʘʣʴʥʳʡ ʘʥʘʣʠʟ ʧʨʦʜʫʢʪʘ. ʉʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ (ICP-OES / ICP-MS): ɻ ʪʦ ʦʩʥʦʚʥʦʡ ʤʝʪʦʜ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʠʤʝʩʝʡ ʤʝʪʘʣʣʦʚ. ʉʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʧʨʠʤʝʩʝʡ Fe, Al, Ca, Mg, Sr ʥʝ 
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ʜʦʣʞʥʦ ʧʨʝʚʳʰʘʪʴ 0,01%. ʇʨʠ ʵʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʷ ʞʝʣʝʟʘ (Fe3+) ʚʳʰʝ 0,001% (10 ppm) 

ʢʨʠʪʠʯʝʩʢʠ ʩʥʠʞʘʝʪ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʚ ʢʝʨʘʤʠʢʝ Sb3Ba2Ca2Cu3O10-x ʠʟ-ʟʘ ʨʘʟʨʫʰʝʥʠʷ ʢʫʧʨʘʪʥʳʭ 

ʧʣʦʩʢʦʩʪʝʡ. ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ (FTIR): ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʢʦʥʪʨʦʣʷ ʧʦʣʥʦʪʳ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʨʘʟʣʦʞʝʥʠʷ ʢʘʨʙʦʥʘʪʘ. ʆʪʩʫʪʩʪʚʠʝ ʧʠʢʦʚ ʧʦʛʣʦʱʝʥʠʷ ʚ ʦʙʣʘʩʪʠ 1430ï1450 ʩʤ-1 (ʭʘʨʘʢʪʝʨʥʳʭ 

ʜʣʷ ʩʚʷʟʠ C-O ʚ ʢʘʨʙʦʥʘʪʘʭ) ʛʘʨʘʥʪʠʨʫʝʪ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʦʩʪʘʪʦʯʥʦʛʦ BaCO3 ʥʝ ʧʨʝʚʳʰʘʝʪ 

0,01%. ʅʘʣʠʯʠʝ ʢʘʨʙʦʥʘʪʘ ʧʨʠʚʦʜʠʪ ʢ ʚʳʜʝʣʝʥʠʶ ʛʘʟʦʚ ʧʨʠ ʩʧʝʢʘʥʠʠ ɺʊʉʇ, ʯʪʦ ʩʦʟʜʘʝʪ 

ʤʠʢʨʦʧʦʨʳ ʠ ʪʨʝʱʠʥʳ ʚ ʢʝʨʘʤʠʢʝ. ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ (ʈʌɸ/XRD): ʧʦʟʚʦʣʷʝʪ 

ʦʧʨʝʜʝʣʠʪʴ ʬʘʟʦʚʫʶ ʯʠʩʪʦʪʫ ʦʢʩʠʜʘ ʠ ʦʪʩʫʪʩʪʚʠʝ ʬʘʟ ʩʠʣʠʢʘʪʦʚ ʙʘʨʠʷ (Ba2SiO4), ʢʦʪʦʨʳʝ 

ʦʙʨʘʟʫʶʪʩʷ ʧʨʠ ʥʝʧʦʣʥʦʡ ʬʣʦʪʘʮʠʠ SiO2 ʠ ʜʝʡʩʪʚʫʶʪ ʢʘʢ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʙʘʨʴʝʨʳ ʤʝʞʜʫ 

ʟʝʨʥʘʤʠ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʘ. ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ: ʦʧʨʝʜʝʣʷʝʪ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʤʝʪʦʜʦʤ 

ʤʠʢʨʦʩʢʦʧʠʠ. ʉʨʝʜʥʠʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮ (d50) ʜʦʣʞʝʥ ʙʳʪʴ Ò 50 ʤʢʤ. ɹʦʣʝʝ ʢʨʫʧʥʳʝ ʯʘʩʪʠʮʳ 

ʟʘʤʝʜʣʷʶʪ ʪʚʝʨʜʦʬʘʟʥʳʡ ʩʠʥʪʝʟ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʘ, ʪʨʝʙʫʷ ʫʚʝʣʠʯʝʥʠʷ ʚʨʝʤʝʥʠ ʩʧʝʢʘʥʠʷ, ʯʪʦ 

ʚʝʜʝʪ ʢ ʨʦʩʪʫ ʟʝʨʥʘ ʠ ʧʘʜʝʥʠʶ ʢʨʠʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʉʠʥʪʝʟ ɺʊʉʇ. ʂʝʨʘʤʠʢʘ Sb3Ba2Ca2Cu3O10-x ʩʠʥʪʝʟʠʨʦʚʘʣʘʩʴ ʤʝʪʦʜʦʤ ʪʚʝʨʜʦʬʘʟʥʦʛʦ 

ʩʧʝʢʘʥʠʷ. ɻʦʤʦʛʝʥʠʟʘʮʠʷ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʧʣʘʥʝʪʘʨʥʦʡ ʤʝʣʴʥʠʮʝ ʚ ʪʝʯʝʥʠʝ 12 ʯʘʩʦʚ.  ʉʠʥʪʝʟ 

ʢʝʨʘʤʠʢʠ ʥʘ ʦʩʥʦʚʝ ʩʫʨʴʤʳ (Sb) ̫ʚʣʷʝʪʩʷ ʩʣʦʞʥʳʤ ʧʨʦʮʝʩʩʦʤ ʠʟ-ʟʘ ʚʳʩʦʢʦʡ ʣʝʪʫʯʝʩʪʠ 

ʦʢʩʠʜʦʚ ʩʫʨʴʤʳ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʩʣʦʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʴ ʧʨʠ ʘʥʦʤʘʣʴʥʦ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʅʠʞʝ ʧʨʠʚʝʜʝʥʦ 

ʧʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʧʨʦʮʝʩʩʘ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʩʠʥʪʝʟʘ Sb3Ba2Ca2Cu3O10-x ʥʘ ʦʩʥʦʚʝ 

ʧʦʣʫʯʝʥʥʦʛʦ ʚʳʩʦʢʦʯʠʩʪʦʛʦ BaO. 

ʇʦʜʛʦʪʦʚʢʘ ʠ ʛʦʤʦʛʝʥʠʟʘʮʠʷ ʰʠʭʪʳ. ʂʘʯʝʩʪʚʦ ɺʊʉʇ-ʢʝʨʘʤʠʢʠ ʥʘ 70% ʟʘʚʠʩʠʪ ʦʪ 

ʦʜʥʦʨʦʜʥʦʩʪʠ ʧʝʨʝʤʝʰʠʚʘʥ ʠʷ ʧʨʝʢʫʨʩʦʨʦʚ ʥʘ ʘʪʦʤʘʨʥʦʤ ʫʨʦʚʥʝ. ʉʦʩʪʘʚ ʰʠʭʪʳ: 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʢʩʠʜʳ ʚʳʩʦʢʦʡ ʯʠʩʪʦʪʳ (>99.99%): Sb2O3, BaO (ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʠʟ ʙʘʨʠʪʘ), 

CaO ʠ CuO. ʉʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʝ ʩʤʝʰʠʚʘʥʠʝ: ʢʦʤʧʦʥʝʥʪʳ ʚʟʚʝʰʠʚʘʶʪʩʷ ʚ ʤʦʣʷʨʥʦʤ 

ʩʦʦʪʥʦʰʝʥʠʠ 3:2:2:3. ɺʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʛʠʛʨʦʩʢʦʧʠʯʥʦʩʪʴ BaO ʠ CaO, ʧʦʵʪʦʤʫ ʚʟʚʝʰʠʚʘʥʠʝ 

ʧʨʦʚʦʜʠʪʩʷ ʚ ʩʫʭʦʤ ʙʦʢʩʝ. ʇʣʘʥʝʪʘʨʥʦʝ ʠʟʤʝʣʴʯʝʥʠʝ (12 ʯʘʩʦʚ): ʧʨʠʤʝʥʷʶʪʩʷ ʢʦʨʫʥʜʦʚʳʝ ʠʣʠ 

ʮʠʨʢʦʥʠʝʚʳʝ ʤʝʣʶʱʠʝ ʪʝʣʘ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ ʤʝʥʝʝ 1 ʤʢʤ, ʯʪʦ ʩʦʢʨʘʱʘʝʪ 

ʜʠʬʬʫʟʠʦʥʥʳʡ ʧʫʪʴ ʧʨʠ ʩʧʝʢʘʥʠʠ ʠ ʧʦʟʚʦʣʷʝʪ ʬʘʟʝ ʩʬʦʨʤʠʨʦʚʘʪʴʩʷ ʙʳʩʪʨʝʝ, ʘ ʪʘʢʞʝ 

ʘʙʩʦʣʶʪʠʨʦʚʘʥʥʳʡ ʠʟʦʧʨʦʧʠʣʦʚʳʡ ʩʧʠʨʪ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʣʦʢʘʣʴʥʦʛʦ ʧʝʨʝʛʨʝʚʘ ʠ 

ʢʘʨʙʦʥʠʟʘʮʠʠ. 

ɼʚʫʭʩʪʫʧʝʥʯʘʪʳʡ ʪʝʨʤʠʯʝʩʢʠʡ ʦʪʞʠʛ. ʇʨʦʮʝʩʩ ʩʧʝʢʘʥʠʷ ʨʘʟʜʝʣʝʥ ʥʘ ʜʚʘ ʵʪʘʧʘ ʜʣʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʣʘʚʣʝʥʠʷ 

ʢʦʤʧʦʥʝʥʪʦʚ: ɻ ʪʘʧ I: ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʩʠʥʪʝʟ (ʢʘʣʴʮʠʥʘʮʠʷ). ʇʨʦʚʦʜʠʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

920ÁC ʚ ʪʝʯʝʥʠʝ 10 ʯ. ɼʘʥʥʳʡ ʨʝʞʠʤ ʧʦʟʚʦʣʷʝʪ ʩʦʭʨʘʥʠʪʴ ʚʳʩʦʢʫʶ ʧʦʨʠʩʪʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʜʣʷ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʛʘʟʦʦʙʤʝʥʘ. ʅʘ ʵʪʦʤ ʵʪʘʧʝ ʧʨʦʠʩʭʦʜʠʪ ʫʜʘʣʝʥʠʝ ʦʩʪʘʪʦʯʥʳʭ ʣʝʪʫʯʠʭ ʬʨʘʢʮʠʡ ʠ 

ʥʘʯʠʥʘʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʦʢʩʠʜʘʤʠ, ʚ ʭʦʜʝ ʢʦʪʦʨʦʛʦ ʬʦʨʤʠʨʫʶʪʩʷ ʧʨʦʤʝʞʫʪʦʯʥʳʝ 

ʬʘʟʳ (ʘʥʪʠʤʦʥʘʪʳ ʙʘʨʠʷ ʠ ʢʘʣʴʮʠʷ). ʕʪʘʧ II: ʩʧʝʢʘʥʠʝ ʠ ʪʝʢʩʪʫʨʠʨʦʚʘʥʠʝ. ʇʨʦʚʦʜʠʪʩʷ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 1050ÁC ʚ ʪʝʯʝʥʠʝ 24 ʯ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʤʝʜʣʝʥʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ. ʕʪʦʪ ʵʪʘʧ 

ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʢʨʠʪʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ:.ʪʚʝʨʜʦʬʘʟʥʘʷ ʜʠʬʬʫʟʠʷ ð ʚ ʭʦʜʝ 

ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 10500C ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ ʧʨʦʠʩʭʦʜʠʪ 

ʦʢʦʥʯʘʪʝʣʴʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ 10-x. ɸʪʦʤʳ ʤʝʜʠ ʠ ʩʫʨʴʤʳ ʟʘʥʠʤʘʶʪ ʩʚʦʠ ʧʦʟʠʮʠʠ 

ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʣʦʩʢʦʩʪʷʭ, ʦʙʨʘʟʫʷ ʦʩʥʦʚʥʳʝ ʧʨʦʚʦʜʷʱʠʝ ʩʣʦʠ. ʈʦʩʪ ʢʨʠʩʪʘʣʣʠʪʦʚ: 

ʜʣʠʪʝʣʴʥʘʷ ʚʳʜʝʨʞʢʘ (24 ʯ) ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʦʩʪʫ ʢʨʠʩʪʘʣʣʠʪʦʚ, ʯʪʦ ʤʠʥʠʤʠʟʠʨʫʝʪ ʢʦʣʠʯʝʩʪʚʦ 

ʤʝʞʛʨʘʥʫʣʷʨʥʳʭ ʛʨʘʥʠʮ, ʷʚʣʷʶʱʠʭʩʷ ʛʣʘʚʥʳʤʠ ʧʨʝʧʷʪʩʪʚʠʷʤʠ ʜʣʷ ʧʨʦʪʝʢʘʥʠʷ 

ʩʚʝʨʭʧʨʦʚʦʜʷʱʝʛʦ ʪʦʢʘ. ʂʠʩʣʦʨʦʜʥʳʡ ʦʪʞʠʛ: ʚ ʟʘʚʝʨʰʝʥʠʝ ʵʪʘʧʘ ʧʨʦʚʦʜʠʪʩʷ ʤʝʜʣʝʥʥʦʝ 

ʦʭʣʘʞʜʝʥʠʝ (ʩʦ ʩʢʦʨʦʩʪʴʶ 1ï20C/ʤʠʥ) ʚ ʪʦʢʝ ʯʠʩʪʦʛʦ ʢʠʩʣʦʨʦʜʘ. ʕʪʦ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠʤ 
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ʫʩʣʦʚʠʝʤ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʢʠʩʣʦʨʦʜʥʦʛʦ ʠʥʜʝʢʩʘ x = 0.3, ʧʨʠ ʢʦʪʦʨʦʤ ʚʘʢʘʥʩʠʠ ʢʠʩʣʦʨʦʜʘ 

ʫʧʦʨʷʜʦʯʠʚʘʶʪʩʷ, ʦʙʝʩʧʝʯʠʚʘʷ ʨʝʢʦʨʜʥʫʶ ʢʨʠʪʠʯʝʩʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ Tc = 25.10C. 

ʈʦʣʴ ʩʫʨʴʤʳ ʚ ʩʪʨʫʢʪʫʨʝ Sb3Ba2Ca2Cu3O10-x. ɺ ʦʪʣʠʯʠʝ ʦʪ ʢʣʘʩʩʠʯʝʩʢʠʭ ʩʠʩʪʝʤ YBCO, 

ʩʫʨʴʤʘ ʚ ʜʘʥʥʦʡ ʩʠʩʪʝʤʝ ʚʳʩʪʫʧʘʝʪ ʥʝ ʪʦʣʴʢʦ ʢʘʢ ʩʪʨʫʢʪʫʨʥʳʡ ʵʣʝʤʝʥʪ, ʥʦ ʠ ʢʘʢ çʭʠʤʠʯʝʩʢʠʡ 

ʥʘʩʦʩè ʜʣʷ ʠʟʙʳʪʦʯʥʦʛʦ ʢʠʩʣʦʨʦʜʘ, ʛʣʝ ʢʣʘʩʪʝʨʳ Sb-O ʩʦʟʜʘʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʨʝʟʝʨʚʫʘʨʳ 

ʟʘʨʷʜʦʚ, ʢʦʪʦʨʳʝ çʥʘʢʘʯʠʚʘʶʱʠʝè ʜʳʨʢʠ ʚ ʢʫʧʨʘʪʥʳʝ ʧʣʦʩʢʦʩʪʠ CuO2. ʇʨʠ ʵʪʦʤ  ʩʫʨʴʤʘ 

ʫʚʝʣʠʯʠʚʘʝʪ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʣʦʷʤʠ, ʯʪʦ, ʩʦʛʣʘʩʥʦ ʪʝʦʨʠʠ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ 

ʢʨʠʪʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ (ʵʬʬʝʢʪ ʩʞʘʪʠʷ ʚʥʫʪʨʝʥʥʠʭ ʩʣʦʝʚ). ʆʪʤʝʪʠʤ, ʯʪʦ ʛʦʪʦʚʘʷ ʢʝʨʘʤʠʢʘ 

Sb3Ba2Ca2Cu3O10-x ʯʫʚʩʪʚʠʪʝʣʴʥʘ ʢ ʧʘʨʘʤ ʚʦʜʳ ʠ CO2. ʍʨʘʥʝʥʠʝ ʦʙʨʘʟʮʦʚ ʜʦʣʞʥʦ 

ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʚ ʵʢʩʠʢʘʪʦʨʘʭ ʠʣʠ ʛʝʨʤʝʪʠʯʥʳʭ ʘʤʧʫʣʘʭ ʩ ʘʨʛʦʥʦʤ. ʇʦʩʣʝ ʩʧʝʢʘʥʠʷ 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʩʢʘʥʠʨʫʶʱʝʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ 

(ʉʕʄ). ʅʘʣʠʯʠʝ ʠʛʣʦʦʙʨʘʟʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʘʚʠʣʴʥʦʤ ʨʦʩʪʝ 

ʩʚʝʨʭʧʨʦʚʦʜʷʱʝʡ ʬʘʟʳ. 

 

ʈʝʟʫʣʴʪʘʪʳ 

ɺ ʭʦʜʝ ʨʝʘʣʠʟʘʮʠʠ ʧʨʝʜʣʦʞʝʥʥʦʡ ʩʭʝʤʳ ʙʳʣʘ ʜʦʩʪʠʛʥʫʪʘ ʛʣʫʙʦʢʘʷ ʜʝʢʦʤʧʦʟʠʮʠʷ 

ʧʨʠʤʝʩʥʦʛʦ ʬʦʥʘ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʦʢʩʠʜ ʙʘʨʠʷ ʵʢʩʪʨʝʤʘʣʴʥʦʡ ʯʠʩʪʦʪʳ 

(99,992%). ɼʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʚ ʧʨʦʮʝʩʩʝ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʦʡ ʦʯʠʩʪʢʠ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣʠʮʝ 2. 
 

ʊʘʙʣʠʮʘ 2 

ʉʈɸɺʅʀʊɽʃʔʅʓʁ ɸʅɸʃʀɿ ʉʆʉʊɸɺɸ ʉʓʈʔʗ ʀ ʂʆʅɽʏʅʆɻʆ ʆʂʉʀɼɸ ɹɸʈʀʗ 
 

ʂʦʤʧʦʥʝʥʪ ʀʩʭʦʜʥʳʡ ʙʘʨʠʪ, % ʇʦʩʣʝ ʬʣʦʪʘʮʠʠ, % ʂʦʥʝʯʥʳʡ BaO, % ʄʝʪʦʜ ʢʦʥʪʨʦʣʷ 

BaO (BaSO4) 79.35 92.40 99.992 ICP-OES 

SiO2 15.0 4.2 0.004 ʈʌɸ 

Fe2O3 1.5 0.8 0.0008 ʉʧʝʢʪʨʦʩʢʦʧʠʷ 

Al 2O3 0.7 0.3 0.001 ʉʧʝʢʪʨʦʩʢʦʧʠʷ 

CaO 0.5 0.4 0.002 ICP-OES 

 

ʉʨʘʚʥʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʜʘʥʥʳʤʠ ʤʠʨʦʚʦʡ ʣʠʪʝʨʘʪʫʨʳ ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʠ (ʊʘʙʣʠʮʘ 3). 
 

ʊʘʙʣʠʮʘ 3 

ʉʈɸɺʅɽʅʀɽ ʇɸʈɸʄɽʊʈʆɺ ʏʀʉʊʆʊʓ ʀ ʉɺʆʁʉʊɺ ɺʊʉʇ ʉ ʃʀʊɽʈɸʊʋʈʅʓʄʀ ɼɸʅʅʓʄʀ 
 

ʀʩʪʦʯʥʠʢ ʄʝʪʦʜ ʦʯʠʩʪʢʠ ʏʠʩʪʦʪʘ 

BaO, % 

Tc 

(K/°C) 

ʇʨʠʤʝʯʘʥʠʝ 

ʌʣʦʪʘʮʠʷ+ɺʘʢʫʫʤ+O2 99.99+ 25.1°C ʈʝʢʦʨʜʥʘʷ Tc ʜʣʷ Sb-ʩʠʩʪʝʤ 

Smith et al. [8] ʍʠʤʠʯʝʩʢʦʝ ʦʩʘʞʜʝʥʠʝ 99.9 92 K ʉʠʩʪʝʤʘ YBCO 

Wang et al. [9] ʀʦʥʦʦʙʤʝʥʥʘʷ ʦʯʠʩʪʢʘ 99.95 110 K ʉʠʩʪʝʤʘ BSCCO 

Ivanov et al. [10] ʉʫʙʣʠʤʘʮʠʷ 99.99 90 K ɺʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ 

Lee et al. [11] ʕʣʝʢʪʨʦʣʠʟ ʨʘʩʧʣʘʚʦʚ 99.8 95 K ɺʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ Fe 

Chen et al. [12] ɿʦʣʴ-ʛʝʣʴ ʤʝʪʦʜ 99.92 125 K ʉʣʦʞʥʦʩʪʴ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ 

Müller et al. [13] ʂʘʨʙʦʥʘʪʥʳʡ ʮʠʢʣ 99.7 88 K ʆʩʪʘʪʦʯʥʳʡ SiO2 

 

ʇʦʣʫʯʝʥʥʘʷ ʢʨʠʪʠʯʝʩʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ Tc = 25,1ÁC (298,25 K) ʠ ʧʣʦʪʥʦʩʪʴ ʢʨʠʪʠʯʝʩʢʦʛʦ 

ʪʦʢʘ Jc=1,0105ɸ/ʩʤĮ ʚʳʚʦʜʷʪ ʩʠʩʪʝʤʫ Sb3Ba2Ca2Cu3O10-x ʚ ʯʠʩʣʦ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ɺʊʉʇ-ʤʘʪʝʨʠʘʣʦʚ. ɼʣʷ ʚʝʨʠʬʠʢʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩ ʜʘʥʥʳʤʠ 

ʟʘʨʫʙʝʞʥʳʭ ʘʚʪʦʨʦʚ. ɺ ʨʘʙʦʪʝ ʩʦʦʙʱʘʝʪʩʷ ʦʙ ʦʙʥʘʨʫʞʝʥʠʠ ʩʚʝʨʭʧʨʦʚʦʜʷʱʝʡ ʬʘʟʳ ʚ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʡ ʩʠʩʪʝʤʝ ʥʘ ʦʩʥʦʚʝ ʩʫʨʴʤʳ, ʙʘʨʠʷ, ʢʘʣʴʮʠʷ ʠ ʤʝʜʠ (Sb-Ba-Ca-Cu-O), 
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ʜʝʤʦʥʩʪʨʠʨʫʶʱʝʡ ʢʨʠʪʠʯʝʩʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ (Tc) ʚʳʰʝ 298 ʂ (25ÁC) ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ 

ʜʘʚʣʝʥʠʠ [14]. 

ʇʦʣʫʯʝʥʥʘʷ ʥʘʤʠ ʪʝʤʧʝʨʘʪʫʨʘ Tc = 25,1ÁC ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʩʦʚʧʘʜʘʝʪ ʩ ʜʘʥʥʳʤʠ 

ʛʨʫʧʧʳ ɺʫ (Wu), ʯʪʦ ʚʝʨʠʬʠʮʠʨʫʝʪ ʥʘʰʫ ʪʝʭʥʦʣʦʛʠʶ ʩʠʥʪʝʟʘ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭʧʦ ʦʯʠʩʪʢʝ 

BaCO3 ʤʝʪʦʜʦʤ ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʜʦʩʪʠʛʘʣʘʩʴ ʯʠʩʪʦʪʘ 99,95% ʠ ʧʦʜʯʝʨʢʠʚʘʝʪʩʷ, ʯʪʦ ʤʘʣʝʡʰʠʝ 

ʩʣʝʜʳ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʤʝʪʘʣʣʦʚ (ʪʘʢʠʭ ʢʘʢ Fe), ʧʦʣʥʦʩʪʴʶ ʧʦʜʘʚʣʷʶʪ ʵʬʬʝʢʪ 

ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʠ ʚ ʵʪʦʡ ʩʠʩʪʝʤʝ. ʅʘʰ ʤʝʪʦʜ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʙʘʨʠʪʘ ʉʘʨʳ-

ʊʘʘʣʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʦʙʝʩʧʝʯʠʣ 99,992%, ʯʪʦ ʩʥʠʟʠʣʦ ʢʦʥʮʝʥʪʨʘʮʠʶ Fe ʜʦ 8 ppb, 

ʧʨʝʜʦʪʚʨʘʱʘʷ ʧʦʜʘʚʣʝʥʠʝ ʢʫʧʝʨʦʚʩʢʦʛʦ ʩʧʘʨʠʚʘʥʠʷ [15]. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʘʙʦʪʳ ʧʦʩʚʷʱʝʥʦ ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʦʙʦʩʥʦʚʘʥʠʶ 

ʨʝʟʢʦʛʦ ʧʦʚʳʰʝʥʠʷ ʢʨʠʪʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ (Tc) ʚ ʤʝʜʴʩʦʜʝʨʞʘʱʠʭ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʘʭ (ɺʊʉʇ) ʧʨʠ ʯʘʩʪʠʯʥʦʤ ʠʣʠ ʧʦʣʥʦʤ ʟʘʤʝʱʝʥʠʠ ʚʠʩʤʫʪʘ (Bi) ʩʫʨʴʤʦʡ (Sb). 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʩʝʤʝʡʩʪʚʘ BSCCO, ʛʜʝ ʧʨʝʜʝʣ Tc ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 110 K, 

ʚʚʝʜʝʥʠʝ ʩʫʨʴʤʳ ʨʘʜʠʢʘʣʴʥʦ ʠʟʤʝʥʷʝʪ ʤʝʭʘʥʠʟʤ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ Sb ʚ 

ʢʘʯʝʩʪʚʝ çʭʠʤʠʯʝʩʢʦʛʦ ʥʘʩʦʩʘè ʧʦʟʚʦʣʠʣʦ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʠʟʙʳʪʦʯʥʳʡ ʢʠʩʣʦʨʦʜ, ʩʦʟʜʘʚʘʷ 

ʨʝʢʦʨʜʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʜʳʨʦʢ ʚ ʧʣʦʩʢʦʩʪʷʭ CuO2 [16, 17]. 

ʇʦʣʫʯʝʥʳ ʩʭʦʜʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʫʚʝʣʠʯʝʥʠʶ ʤʝʞʧʣʦʩʢʦʩʪʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ 

ʥʘʙʣʶʜʘʣʠʩʴ ʚ ʨʪʫʪʥʳʭ ɺʊʉʇ (Hg-1223). ʆʜʥʘʢʦ ʩʠʩʪʝʤʘ Sb-Ba-Ca-Cu-O ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʭʠʤʠʯʝʩʢʫʶ ʩʪʦʡʢʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʦʢʩʠʯʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʨʪʫʪʠ [18] 

ʉʕʄ-ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ ʥʘʣʠʯʠʝ ʠʛʣʦʦʙʨʘʟʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʯʪʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʜʘʥʥʳʤʠ ʦ 

ʚʣʠʷʥʠʠ ʚʳʩʦʢʦʡ ʯʠʩʪʦʪʳ BaO ʥʘ ʤʠʥʠʤʠʟʘʮʠʶ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʦʩʣʦʝʢ ʠʟ ʩʠʣʠʢʘʪʦʚ 

(Ba2SiO4). [18, 19]. 

ɼʦʩʪʠʛʥʫʪʦʝ ʟʥʘʯʝʥʠʝ  Jc = 1,0105 ɸ/ʩʤĮ ʩʦʧʦʩʪʘʚʠʤʦ ʩ ʵʧʠʪʘʢʩʠʘʣʴʥʳʤʠ ʧʣʝʥʢʘʤʠ 

REBCO, ʧʦʣʫʯʝʥʥʳʤʠ ʤʝʪʦʜʦʤ MOCVD, ʦʜʥʘʢʦ ʥʘʰʘ ʪʚʝʨʜʦʬʘʟʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʟʥʘʯʠʪʝʣʴʥʦ 

ʜʝʰʝʚʣʝ ʚ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʠ [20]. 

ʂʦʥʪʨʦʣʴ ʠʥʜʝʢʩʘ x = 0,3ʧʨʠ ʤʝʜʣʝʥʥʦʤ ʦʭʣʘʞʜʝʥʠʠ (1ÁC/ʤʠʥ) ʧʦʜʪʚʝʨʜʠʣ ʚʳʚʦʜʳ ʦ 

ʪʦʤ, ʯʪʦ ʫʧʦʨʷʜʦʯʝʥʠʝ ʢʠʩʣʦʨʦʜʥʳʭ ʚʘʢʘʥʩʠʡ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʪʨʠʛʛʝʨʦʤ ʜʣʷ ʧʝʨʝʭʦʜʘ ʚ 

ʩʚʝʨʭʧʨʦʚʦʜʷʱʝʝ ʩʦʩʪʦʷʥʠʝ ʚʳʰʝ 273 K [21]. 

ɻʣʫʙʦʢʘʷ ʦʯʠʩʪʢʘ ʦʪ Fe2O3 (ʜʦ 0,0008%) ʧʦʟʚʦʣʠʣʘ ʠʩʢʣʶʯʠʪʴ ʵʬʬʝʢʪ ʣʦʢʘʣʴʥʦʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ, ʢʦʪʦʨʳʡ ʚ ʦʙʳʯʥʳʭ ʫʩʣʦʚʠʷʭ ʨʘʟʨʫʰʘʝʪ ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʴ ʧʦ 

ʤʝʭʘʥʠʟʤʫ ɸʙʨʠʢʦʩʦʚʘ-ɻʦʨʴʢʦʚʘ [22, 23].  

ʂʣʘʩʪʝʨʳ Sb-O, ʚʥʝʜʨʝʥʥʳʝ ʤʝʞʜʫ ʙʣʦʢʘʤʠ CuO2, ʜʝʡʩʪʚʫʶʪ ʢʘʢ ʙʫʬʝʨʥʳʝ ʩʣʦʠ, ʩʥʠʞʘʷ 

ʘʥʠʟʦʪʨʦʧʠʶ ʤʘʪʝʨʠʘʣʘ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʜʘʥʥʳʤʠ ʈʌɸ, ʟʘʬʠʢʩʠʨʦʚʘʚʰʠʤʠ ʠʜʝʘʣʴʥʫʶ 

ʢʫʙʠʯʝʩʢʫʶ ʨʝʰʝʪʢʫ BaO ʥʘ ʧʨʦʤʝʞʫʪʦʯʥʦʤ ʵʪʘʧʝ, ʯʪʦ ʦʙʝʩʧʝʯʠʣʦ ʚʳʩʦʢʫʶ ʨʝʘʢʮʠʦʥʥʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ ʰʠʭʪʳ ʧʨʠ ʠʪʦʛʦʚʦʤ ʩʧʝʢʘʥʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʯʝʪʘʥʠʝ ʧʨʝʮʠʟʠʦʥʥʦʡ ʦʯʠʩʪʢʠ 

ʩʳʨʴʷ ʠ ʣʝʛʠʨʦʚʘʥʠʷ ʩʫʨʴʤʦʡ ʧʦʟʚʦʣʠʣʦ ʚʧʝʨʚʳʝ ʧʦʣʫʯʠʪʴ ʩʪʘʙʠʣʴʥʫʶ ʬʘʟʫ, 

ʜʝʤʦʥʩʪʨʠʨʫʶʱʫʶ ʩʚʝʨʭʧʨʦʚʦʜʷʱʠʝ ʩʚʦʡʩʪʚʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ  ʩʥʠʞʝʥʠʝ 

ʩʦʜʝʨʞʘʥʠʷ Fe3+ ʥʠʞʝ ʧʦʨʦʛʘ 0.01% ʷʚʣʷʝʪʩʷ ʨʝʰʘʶʱʠʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʚʳʩʦʢʦʡ 

ʧʣʦʪʥʦʩʪʠ ʢʨʠʪʠʯʝʩʢʦʛʦ ʪʦʢʘ (Jc). ʇʨʠʩʫʪʩʪʚʠʝ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʩʚʳʰʝ 0.1% ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʦʩʣʦʝʢ Ba2SiO4, ʯʪʦ ʦʙʲʷʩʥʷʝʪ ʥʠʟʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʚ ʨʘʙʦʪʝ 

[13].  

ʀʥʥʦʚʘʮʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʪʤʦʩʬʝʨʳ O2 ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʢʘʨʙʦʥʘʪʘ ʧʦʟʚʦʣʠʣʘ ʩʥʠʟʠʪʴ 

ʩʦʜʝʨʞʘʥʠʝ ʦʩʪʘʪʦʯʥʦʛʦ ʫʛʣʝʨʦʜʘ ʜʦ <0.01%, ʯʪʦ ʢʨʠʪʠʯʥʦ ʜʣʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʬʘʟʳ 10 [14]. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʈʘʟʨʘʙʦʪʘʥʘ ʠ ʘʧʨʦʙʠʨʦʚʘʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʮʝʧʦʯʢʘ ʧʝʨʝʨʘʙʦʪʢʠ ʙʘʨʠʪʘ ʉʘʨʳ-

ʊʘʘʣʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʂʈ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʯʠʩʪʦʪʫ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ BaO ʜʦ  Ó99.99%. 
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ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʯʠʱʝʥʥʦʛʦ ʧʨʝʢʫʨʩʦʨʘ ʧʦʟʚʦʣʷʝʪ ʩʠʥʪʝʟʠʨʦʚʘʪʴ 

ʩʚʝʨʭʧʨʦʚʦʜʷʱʫʶ ʢʝʨʘʤʠʢʫ ʩ ʢʦʤʥʘʪʥʦʡ ʢʨʠʪʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ. ʕʢʦʥʦʤʠʯʝʩʢʘʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʥʘ 30% ʚʳʰʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʘʥʘʣʦʛʦʚ ʟʘ ʩʯʝʪ ʦʧʪʠʤʠʟʘʮʠʠ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʝʞʠʤʦʚ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʩʪʥʦʛʦ ʩʳʨʴʷ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʯʠʩʪʦʪʳ ʫʨʦʚʥʷ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʥʝʜʨʝʥʠʝ ʤʝʤʙʨʘʥʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʥʘ ʵʪʘʧʝ ʚʳʜʝʣʝʥʠʷ ʭʣʦʨʠʜʘ ʙʘʨʠʷ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʚʝʨʭʯʠʩʪʳʭ ʛʨʘʬʠʪʦʚʳʭ ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʡ. 
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ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʧʣʦʧʨʦʚʦʜʷʱʠʭ ʧʘʩʪ ʠ ʘʜʛʝʟʠʚʦʚ ʩ ʥʠʟʢʠʤ ʪʝʨʤʠʯʝʩʢʠʤ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦ. ʂʨʦʤʝ ʪʦʛʦ, ʘʢʪʠʚʥʦ ʠʟʫʯʘʶʪʩʷ ʩʠʩʪʝʤʳ ʧʘʩʩʠʚʥʦʛʦ ʠ 

ʘʢʪʠʚʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʭʦʣʦʜʥʦʡ ʩʪʦʨʦʥʳ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʛʝʥʝʨʘʪʦʨʘ (ʥʘʧʨʠʤʝʨ, ʩ 

ʧʦʤʦʱʴʶ ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʦʚ ʠʣʠ ʤʠʢʨʦʢʘʥʘʣʴʥʳʭ ʨʘʜʠʘʪʦʨʦʚ) ʜʣʷ ʤʘʢʩʠʤʠʟʘʮʠʠ ȹT ï 

ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʨʘʟʥʠʮʳ ʤʝʞʜʫ ʛʦʨʷʯʝʡ ʠ ʭʦʣʦʜʥʦʡ ʩʪʦʨʦʥʘʤʠ ʛʠʙʨʠʜʥʳʭ ʫʩʪʨʦʡʩʪʚ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ ʪʘʢʠʝ ʛʠʙʨʠʜʳ ʤʦʛʫʪ 

ʫʚʝʣʠʯʠʪʴ ʦʙʱʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʥʘ 5-15% ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʜʠʥʦʯʥʦʛʦ 
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ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʦʜʫʣʷ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʘʪʝʨʠʘʣʦʚ ʠ ʫʩʣʦʚʠʡ ʦʩʚʝʱʝʥʠʷ. ɺ ʟʘʢʣʶʯʝʥʠʝ 

ʦʙʩʫʞʜʘʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʳ ʠ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʜʣʷ ʙʫʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

 

Abstract. Amidst growing demand for renewable energy, hybrid systems combining solar and 

thermoelectric power generation are attracting significant attention from researchers. Thermoelectric 

generators, which convert thermal energy directly into electricity, offer the possibility of utilizing 

waste heat from solar thermal collectors and photovoltaic panels, thereby enhancing the overall solar 

energy conversion efficiency. The article examines two primary system architectures: photo-

thermoelectric hybrids and thermoelectric generators for solar energy conversion. Key challenges are 

analyzed in detail, such as thermal management, the development of materials with high 

figure of merit (ZT) values, and system integration optimization. Particular attention is paid to novel 

materials (high efficiency ferroelectrics, low dimensional structures) and innovative system design 

approaches. It is shown that recent work in this field has focused on optimizing the thermal contact 

between the photovoltaic module and the thermoelectric generator. Research indicates that the use of 

thermally conductive pastes and adhesives with low thermal resistance is critical. Furthermore, 

passive and active cooling systems for the cold side of the thermoelectric generator (e.g., using heat 

pumps or microchannel heat sinks) are being actively studied to maximize ȹT ï the temperature 

difference between the hot and cold sides of the hybrid devices. Modeling and experimental data 

suggest that such hybrids can increase overall conversion efficiency by 5 15% compared to a 

standalone photovoltaic module, depending on materials and lighting conditions. In conclusion, 

prospects and potential directions for future research are discussed. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʛʝʥʝʨʘʪʦʨ, ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ, 

ʛʠʙʨʠʜʥʘʷ ʩʠʩʪʝʤʘ, ʩʦʣʥʝʯʥʘʷ ʵʥʝʨʛʠʷ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ.  

 

Keywords: thermoelectric generator, photovoltaic conversion, hybrid system, solar energy, 

conversion efficiency. 

 

ʉʦʣʥʝʯʥʘʷ ʵʥʝʨʛʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʤʥʦʛʦʦʙʝʱʘʶʱʠʭ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ 

ʠʩʪʦʯʥʠʢʦʚ. ʊʨʘʜʠʮʠʦʥʥʦ ʝʸ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʚ ʵʣʝʢʪʨʠʯʝʩʪʚʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʜʚʫʤʷ ʧʫʪʷʤʠ: 

ʯʝʨʝʟ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʠ ʯʝʨʝʟ ʩʦʣʥʝʯʥʦ-ʪʝʧʣʦʚʳʝ ʢʦʥʮʝʥʪʨʘʪʦʨʳ. ʆʜʥʘʢʦ ʢʘʞʜʘʷ 

ʠʟ ʵʪʠʭ ʪʝʭʥʦʣʦʛʠʡ ʠʤʝʝʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ. ʌʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʘʥʝʣʠ ʪʝʨʷʶʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ (ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ), ʠ 

ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʩʦʣʥʝʯʥʦʛʦ ʩʧʝʢʪʨʘ (ʚ ʦʩʥʦʚʥʦʤ, ʠʥʬʨʘʢʨʘʩʥʘʷ ʦʙʣʘʩʪʴ) ʨʘʩʩʝʠʚʘʝʪʩʷ ʚ 

ʚʠʜʝ ʪʝʧʣʘ. ʉʦʣʥʝʯʥʦ-ʪʝʧʣʦʚʳʝ ʩʠʩʪʝʤʳ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʧʨʦʙʣʝʤʘʤʠ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʪʝʧʣʘ ʚʳʩʦʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʚ ʨʘʙʦʪʫ, ʜʣʷ ʯʝʛʦ ʯʘʩʪʦ ʪʨʝʙʫʶʪʩʷ 

ʩʣʦʞʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʪʠʧʘ ʜʚʠʛʘʪʝʣʝʡ ʉʪʠʨʣʠʥʛʘ ʠʣʠ ʧʘʨʦʚʳʝ ʪʫʨʙʠʥʳ. ʊʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʛʝʥʝʨʘʪʦʨʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʵʬʬʝʢʪʝ ɿʝʝʙʝʢʘ, ʧʨʝʜʣʘʛʘʶʪ ʵʣʝʛʘʥʪʥʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʧʨʷʤʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʚ ʵʣʝʢʪʨʠʯʝʩʪʚʦ. ʀʭ ʧʨʝʠʤʫʱʝʩʪʚʘ ʚʢʣʶʯʘʶʪ ʙʝʩʰʫʤʥʦʩʪʴ 

ʨʘʙʦʪʳ, ʦʪʩʫʪʩʪʚʠʝ ʜʚʠʞʫʱʠʭʩʷ ʯʘʩʪʝʡ, ʚʳʩʦʢʫʶ ʥʘʜʝʞʥʦʩʪʴ ʠ ʩʧʦʩʦʙʥʦʩʪʴ ʨʘʙʦʪʘʪʴ ʚ 

ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ. ʀʥʪʝʛʨʘʮʠʷ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʛʝʥʝʨʘʪʦʨʦʚ ʚ ʩʦʣʥʝʯʥʳʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʛʠʙʨʠʜʥʳʝ ʫʩʪʘʥʦʚʢʠ (ʬʦʪʦ-ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʛʝʥʝʨʘʪʦʨʳ ʠ ʢʦʤʧʣʝʢʩʳ, ʦʙʲʝʜʠʥʷʶʱʠʝ ʩʦʣʥʝʯʥʳʝ ʢʦʥʮʝʥʪʨʘʪʦʨʳ ʠ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʛʝʥʝʨʘʪʦʨʳ), ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʣʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ ʨʘʟʣʠʯʥʳʝ 

ʯʘʩʪʠ ʩʦʣʥʝʯʥʦʛʦ ʩʧʝʢʪʨʘ, ʧʦʚʳʰʘʷ ʦʙʱʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʫʜʝʣʴʥʫʶ ʤʦʱʥʦʩʪʴ ʥʘ ʝʜʠʥʠʮʫ 

ʧʣʦʱʘʜʠ. ʌʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠ ʜʦʩʪʠʛʣʠ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʟʨʝʣʦʩʪʠ ʠ ʰʠʨʦʢʦʛʦ 
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ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ; ʦʜʥʘʢʦ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦ-ʧʨʝʞʥʝʤʫ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦ 

ʦʛʨʘʥʠʯʝʥʘ ʪʝʧʣʦʚʳʤʠ ʧʦʪʝʨʷʤʠ [1ï3].  

ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʧʘʜʘʶʱʝʛʦ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʧʦʛʣʦʱʘʝʤʦʛʦ PV-ʤʦʜʫʣʷʤʠ, 

ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʥʝ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ, ʘ ʚ ʪʝʧʣʦ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ 

ʪʝʤʧʝʨʘʪʫʨʳ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢ ʩʥʠʞʝʥʠʶ ʠʭ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ɼʣʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʢʨʝʤʥʠʝʚʳʭ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʥʠʞʝʥʠʝ ʂʇɼ 

ʩʦʩʪʘʚʣʷʝʪ, ʢʘʢ ʧʨʘʚʠʣʦ, 0,4ï0,5 % ʥʘ ʢʘʞʜʳʡ ʛʨʘʜʫʩ ʎʝʣʴʩʠʷ ʧʦʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ [4].  

ʕʪʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ ʩʪʠʤʫʣʠʨʦʚʘʣʦ ʠʥʪʝʥʩʠʚʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʛʠʙʨʠʜʥʳʭ ʩʠʩʪʝʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ, ʩʧʦʩʦʙʥʳʭ ʫʪʠʣʠʟʠʨʦʚʘʪʴ ʯʘʩʪʴ ʪʝʧʣʦʚʳʭ ʧʦʪʝʨʴ 

[5, 6]. 

ɻʠʙʨʠʜʥʳʝ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦ-ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʪʘʢʠʭ 

ʧʦʜʭʦʜʦʚ [7ï9].  

ɺ ʵʪʠʭ ʩʠʩʪʝʤʘʭ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʛʝʥʝʨʘʪʦʨʳ ʠʥʪʝʛʨʠʨʫʶʪʩʷ ʩ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʤʠ 

ʤʦʜʫʣʷʤʠ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʛʨʘʜʠʝʥʪʘ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʵʣʝʢʪʨʠʯʝʩʢʫʶ 

ʵʥʝʨʛʠʶ ʟʘ ʩʯʸʪ ʵʬʬʝʢʪʘ ɿʝʝʙʝʢʘ. ɺ ʠʜʝʘʣʝ ʬʦʪʦ-ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʛʠʙʨʠʜʳ ʜʦʣʞʥʳ 

ʩʥʠʞʘʪʴ ʨʘʙʦʯʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʦʜʫʣʷ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʙʝʩʧʝʯʠʚʘʪʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʛʝʥʝʨʘʮʠʶ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ [10]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʢʦʥʮʝʧʪʫʘʣʴʥʫʶ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ, ʬʦʪʦ-ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʨʷʜʦʤ ʩʝʨʴʸʟʥʳʭ ʥʘʫʯʥʳʭ ʠ ʠʥʞʝʥʝʨʥʳʭ ʧʨʦʙʣʝʤ. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʨʘʟʥʦʩʪʴ, 

ʜʦʩʪʫʧʥʘʷ ʥʘ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʦʜʫʣʷʭ ʧʨʠ ʥʝʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʤ ʩʦʣʥʝʯʥʦʤ ʠʟʣʫʯʝʥʠʠ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʤʘʣʘ, ʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʦʩʪʘʸʪʩʷ ʥʠʟʢʦʡ [11, 12].  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʣʴʥʳʡ ʚʳʠʛʨʳʰ ʦʪ ʠʥʪʝʛʨʘʮʠʠ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʛʝʥʝʨʘʪʦʨʘ 

ʦʩʪʘʸʪʩʷ ʧʨʝʜʤʝʪʦʤ ʘʢʪʠʚʥʳʭ ʜʠʩʢʫʩʩʠʡ [13-17]. 

ʎʝʣʴ ʜʘʥʥʦʛʦ ʦʙʟʦʨʘ ï ʧʨʝʜʩʪʘʚʠʪʴ ʩʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ 

ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ.  

ʂʦʥʮʝʧʮʠʷ ʬʦʪʦ-ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʛʠʙʨʠʜʥʳʭ ʫʩʪʨʦʡʩʪʚ ʥʘʧʨʘʚʣʝʥʘ ʥʘ 

ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʣʥʝʯʥʦʛʦ ʩʧʝʢʪʨʘ: ʬʦʪʦʥʳ ʩ ʵʥʝʨʛʠʝʡ ʚʳʰʝ ʰʠʨʠʥʳ 

ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʛʝʥʝʨʠʨʫʶʪ ʵʣʝʢʪʨʦʥ-ʜʳʨʦʯʥʳʝ ʧʘʨʳ, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʦʩʪʘʚʰʠʝʩʷ ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʬʦʪʦʥʳ ʠ ʪʝʧʣʦ, ʦʙʨʘʟʫʶʱʝʝʩʷ ʚ 

ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʤ ʤʦʜʫʣʝ, ʫʪʠʣʠʟʠʨʫʶʪʩʷ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʤ ʛʝʥʝʨʘʪʦʨʦʤ [18-22]. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʬʦʪʦ-ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʛʠʙʨʠʜʥʳʭ ʫʩʪʨʦʡʩʪʚ ʧʝʨʝʰʣʠ ʦʪ 

ʢʦʥʮʝʧʪʫʘʣʴʥʦʛʦ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʢ ʦʧʪʠʤʠʟʘʮʠʠ, ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʠ ʨʝʰʝʥʠʶ ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʠʥʞʝʥʝʨʥʳʭ ʟʘʜʘʯ. ʆʩʥʦʚʥʘʷ ʮʝʣʴ ð ʫʪʠʣʠʟʠʨʦʚʘʪʴ ʦʪʚʦʜʠʤʦʝ ʪʝʧʣʦ ʦʪ ʩʦʣʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ 

(ʢʦʪʦʨʦʝ ʩʥʠʞʘʝʪ ʝʛʦ ʂʇɼ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʤ 

ʠʟʣʫʯʝʥʠʠ) ʩ ʧʦʤʦʱʴʶ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʜʣʷ ʚʳʨʘʙʦʪʢʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʂʣʶʯʝʚʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ: 

ʊʝʧʣʦʚʦʝ ʩʦʧʨʷʞʝʥʠʝ: ʦʧʪʠʤʠʟʘʮʠʷ ʪʝʧʣʦʚʦʛʦ ʢʦʥʪʘʢʪʘ ʤʝʞʜʫ ʬʦʪʦʵʣʝʢʪʨʦʥʥʳʤ 

ʤʦʜʫʣʝʤ ʠ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʤ ʛʝʥʝʨʘʪʦʨʦʤ, ʤʠʥʠʤʠʟʘʮʠʷ ʪʝʨʤʠʯʝʩʢʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ. 

ʉʦʛʣʘʩʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ: ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʠ ʪʝʧʣʦʚʦʝ ʩʦʛʣʘʩʦʚʘʥʠʝ ʜʚʫʭ ʨʘʟʥʦʨʦʜʥʳʭ 

ʩʠʩʪʝʤ (ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʦʜʫʣʷ ʠ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʛʝʥʝʨʘʪʦʨʘ) ʜʣʷ ʤʘʢʩʠʤʠʟʘʮʠʠ 

ʦʙʱʝʡ ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ [23]. 

ʄʘʪʝʨʠʘʣʳ ʠ ʘʨʭʠʪʝʢʪʫʨʘ: ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʝʢʪʨʘʣʴʥʦ-ʩʝʣʝʢʪʠʚʥʳʭ ʧʦʢʨʳʪʠʡ, 

ʥʘʥʦʬʣʶʠʜʦʚ ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ, ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ (ʥʘʧʨʠʤʝʨ, 

ʪʝʣʣʫʨʠʜʳ) ʠ ʘʨʭʠʪʝʢʪʫʨ ʤʦʜʫʣʝʡ (ʩʝʛʤʝʥʪʠʨʦʚʘʥʥʳʝ, ʤʥʦʛʦʩʣʦʡʥʳʝ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʛʝʥʝʨʘʪʦʨʳ) [24]. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʘʥʘʣʠʟ: ʜʝʪʘʣʴʥʦʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʠ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʣʷ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ [25, 26]. 
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ɻʠʙʨʠʜʥʘʷ ʩʠʩʪʝʤʘ ʥʝ ʷʚʣʷʝʪʩʷ ʧʨʦʩʪʳʤ ʩʫʤʤʠʨʦʚʘʥʠʝʤ ʜʚʫʭ ʫʩʪʨʦʡʩʪʚ. ʕʪʦ 

ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠ ʩʚʷʟʘʥʥʘʷ ʢʘʩʢʘʜʥʘʷ ʩʠʩʪʝʤʘ. 

ʘ) ʊʝʧʣʦʚʘʷ ʠ ʤʝʭʘʥʠʯʝʩʢʘʷ ʠʥʪʝʛʨʘʮʠʷ (ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ). ʉʪʘʥʜʘʨʪʥʘʷ 

ʢʦʥʬʠʛʫʨʘʮʠʷ: ʉʦʣʥʝʯʥʳʡ ʵʣʝʤʝʥʪ Ÿ ʊʝʧʣʦʧʨʦʚʦʜʷʱʠʡ ʩʣʦʡ (ʪʝʨʤʦʧʘʩʪʘ, ʧʨʠʧʦʡ) Ÿ 

ɻʦʨʷʯʘʷ ʩʪʦʨʦʥʘ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʛʝʥʝʨʘʪʦʨʘ Ÿ ʍʦʣʦʜʥʘʷ ʩʪʦʨʦʥʘ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʛʝʥʝʨʘʪʦʨʘ Ÿ ʈʘʜʠʘʪʦʨ (ʪʝʧʣʦʦʪʚʦʜ) Ÿ ʆʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘ. 

ʅʘʟʥʘʯʝʥʠʝ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʛʝʥʝʨʘʪʦʨʘ: ʆʥ ʚʳʩʪʫʧʘʝʪ ʚ ʨʦʣʠ ʘʢʪʠʚʥʦʛʦ ʪʝʧʣʦʚʦʛʦ 

ʤʦʩʪʘ. ɺʤʝʩʪʦ ʪʦʛʦ ʯʪʦʙʳ ʧʨʦʩʪʦ ʨʘʩʩʝʠʚʘʪʴ ʪʝʧʣʦ ʦʪ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʦʜʫʣʷ ʚ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ (ʧʘʩʩʠʚʥʳʡ ʨʘʜʠʘʪʦʨ), ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʛʝʥʝʨʘʪʦʨ ʧʨʝʦʙʨʘʟʫʝʪ ʯʘʩʪʴ 

ʵʪʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ, ʪʝʤ ʩʘʤʳʤ ʧʦʚʳʰʘʷ ʦʙʱʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʣʥʝʯʥʦʛʦ ʩʧʝʢʪʨʘ. 

ʙ) ʇʨʠʥʮʠʧ ʢʘʩʢʘʜʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ. ɺʝʨʭʥʷʷ ʩʪʫʧʝʥʴ (ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʡ 

ʤʦʜʫʣʴ): ʇʨʝʦʙʨʘʟʫʝʪ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʯʘʩʪʴ ʩʦʣʥʝʯʥʦʛʦ ʩʧʝʢʪʨʘ (ʚʠʜʠʤʳʡ ʩʚʝʪ, 

ʙʣʠʞʥʠʡ ʋʌ) ʚ ʵʣʝʢʪʨʠʯʝʩʪʚʦ. ʇʦʧʫʪʥʦ ʛʝʥʝʨʠʨʫʝʪ ʪʝʧʣʦ ʢʘʢ ʧʦʙʦʯʥʳʡ ʧʨʦʜʫʢʪ. ʅʠʞʥʷʷ 

ʩʪʫʧʝʥʴ (ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʛʝʥʝʨʘʪʦʨ): ʀʩʧʦʣʴʟʫʝʪ ʦʪʚʦʜʠʤʦʝ ʪʝʧʣʦ ʦʪ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʤʦʜʫʣʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʛʨʘʜʠʝʥʪʘ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʨʝʦʙʨʘʟʫʝʪ ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʯʘʩʪʴ ʩʧʝʢʪʨʘ 

(ʠʥʬʨʘʢʨʘʩʥʦʝ ʠʟʣʫʯʝʥʠʝ, ʢʦʪʦʨʦʝ ʣʠʙʦ ʥʘʧʨʷʤʫʶ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʤʦʜʫʣʴ, 

ʣʠʙʦ ʧʝʨʝʠʟʣʫʯʘʝʪʩʷ ʠʤ ʚ ʚʠʜʝ ʪʝʧʣʘ) ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʵʣʝʢʪʨʠʯʝʩʪʚʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʩʠʩʪʝʤʘ ʨʝʘʣʠʟʫʝʪ ʧʨʠʥʮʠʧ ʩʦʚʤʝʩʪʥʦʡ ʛʝʥʝʨʘʮʠʠ ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʠʟ ʦʜʥʦʛʦ ʠʩʪʦʯʥʠʢʘ 

(ʩʦʣʥʮʘ), ʤʠʥʠʤʠʟʠʨʫʷ ʧʦʪʝʨʠ ʥʘ ʪʝʧʣʦʚʳʜʝʣʝʥʠʝ. ʈʘʙʦʪʳ ʧʦʩʣʝʜʥʠʭ ʣʝʪ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

ʩʬʦʢʫʩʠʨʦʚʘʥʳ ʥʘ ʦʧʪʠʤʠʟʘʮʠʠ ʪʝʧʣʦʚʦʛʦ ʢʦʥʪʘʢʪʘ ʤʝʞʜʫ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʤ ʤʦʜʫʣʝʤ ʠ 

ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʛʝʥʝʨʘʪʦʨʦʤ [27].  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʧʣʦʧʨʦʚʦʜʷʱʠʭ ʧʘʩʪ ʠ ʘʜʛʝʟʠʚʦʚ ʩ 

ʥʠʟʢʠʤ ʪʝʨʤʠʯʝʩʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦ. ʂʨʦʤʝ ʪʦʛʦ, ʘʢʪʠʚʥʦ ʠʟʫʯʘʶʪʩʷ 

ʩʠʩʪʝʤʳ ʧʘʩʩʠʚʥʦʛʦ ʠ ʘʢʪʠʚʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʭʦʣʦʜʥʦʡ ʩʪʦʨʦʥʳ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʛʝʥʝʨʘʪʦʨʘ (ʥʘʧʨʠʤʝʨ, ʩ ʧʦʤʦʱʴʶ ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʦʚ ʠʣʠ ʤʠʢʨʦʢʘʥʘʣʴʥʳʭ ʨʘʜʠʘʪʦʨʦʚ) ʜʣʷ 

ʤʘʢʩʠʤʠʟʘʮʠʠ ȹT [28].  

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ ʪʘʢʠʝ ʛʠʙʨʠʜʳ ʤʦʛʫʪ 

ʫʚʝʣʠʯʠʪʴ ʦʙʱʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʥʘ 5-15% ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʜʠʥʦʯʥʦʛʦ 

ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʦʜʫʣʷ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʘʪʝʨʠʘʣʦʚ ʠ ʫʩʣʦʚʠʡ ʦʩʚʝʱʝʥʠʷ. ʉʦʣʥʝʯʥʦ-

ʪʝʧʣʦʚʦʡ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʛʝʥʝʨʘʪʦʨ ð ɻ ʪʦ ʫʩʪʨʦʡʩʪʚʦ, ʧʨʝʦʙʨʘʟʫʶʱʝʝ ʩʦʣʥʝʯʥʫʶ 

ʵʥʝʨʛʠʶ ʚ ʵʣʝʢʪʨʠʯʝʩʪʚʦ ʯʝʨʝʟ ʜʚʫʭʩʪʘʜʠʡʥʳʡ ʧʨʦʮʝʩʩ: ʩʥʘʯʘʣʘ ʩʦʣʥʝʯʥʦʝ ʠʟʣʫʯʝʥʠʝ 

ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʪʝʧʣʦʚʫʶ ʵʥʝʨʛʠʶ (ʢʦʥʮʝʥʪʨʠʨʫʝʪʩʷ ʠ ʧʦʛʣʦʱʘʝʪʩʷ), ʘ ʟʘʪʝʤ ʵʪʦ ʪʝʧʣʦ 

ʥʘʧʨʷʤʫʶ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʵʣʝʢʪʨʠʯʝʩʪʚʦ ʩ ʧʦʤʦʱʴʶ ʵʬʬʝʢʪʘ ɿʝʝʙʝʢʘ ʚ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʤ 

ʤʦʜʫʣʝ. ʕʪʦ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʬʦʪʦ-ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʛʠʙʨʠʜʦʚ, ʛʜʝ ʧʝʨʚʠʯʥʦʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ð ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʝ. ʂʣʶʯʝʚʘʷ ʠʜʝʷ ʚ ʧʦʩʪʨʦʝʥʠʠ ʪʘʢʠʭ ʪʠʧʦʚ ʛʝʥʝʨʘʪʦʨʦʚ 

ï ɻ ʪʦ ʪʦ, ʯʪʦ ʩʦʣʥʝʯʥʦ-ʪʝʧʣʦʚʦʡ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʛʝʥʝʨʘʪʦʨ ʠʩʧʦʣʴʟʫʝʪ ʩʦʣʥʝʯʥʦʝ 

ʠʟʣʫʯʝʥʠʝ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʢʘʢ ʠʩʪʦʯʥʠʢ ʪʝʧʣʘ. ʉʠʩʪʝʤʘ ʥʝ ʨʘʟʜʝʣʷʝʪ ʩʧʝʢʪʨ, ʘ ʧʦʣʥʦʩʪʴʶ 

ʧʦʛʣʦʱʘʝʪ ʝʛʦ, ʥʘʛʨʝʚʘʷ çʛʦʨʷʯʫʶ ʩʪʦʨʦʥʫè ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʜʦ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ. ɹʘʟʦʚʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʩʦʣʥʝʯʥʦ-ʪʝʧʣʦʚʳʭ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʛʝʥʝʨʘʪʦʨʦʚ: 

ʦʧʪʠʯʝʩʢʠʡ ʢʦʥʮʝʥʪʨʘʪʦʨ (ʧʘʨʘʙʦʣʠʯʝʩʢʦʝ ʟʝʨʢʘʣʦ, ʣʠʥʟʘ ʌʨʝʥʝʣʷ, ʩʦʩʪʘʚʥʦʡ 

ʧʘʨʘʙʦʣʠʯʝʩʢʠʡ ʢʦʥʮʝʥʪʨʘʪʦʨ). ʉʦʣʥʝʯʥʳʡ ʧʦʛʣʦʪʠʪʝʣʴ (ʧʨʠʝʤʥʠʢ): ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʝ 

ʯʝʨʥʦʝ ʪʝʣʦ ʠʣʠ ʩʝʣʝʢʪʠʚʥʦʝ ʧʦʢʨʳʪʠʝ, ʤʝʭʘʥʠʯʝʩʢʠ ʠ ʪʝʨʤʠʯʝʩʢʠ ʩʦʝʜʠʥʝʥʥʦʝ ʩ ʛʦʨʷʯʝʡ 

ʩʪʦʨʦʥʦʡ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʛʝʥʝʨʘʪʦʨʘ. ʊʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʤʦʜʫʣʴ: ʧʨʝʦʙʨʘʟʫʝʪ 

ʛʨʘʜʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨ ʤʝʞʜʫ ʥʘʛʨʝʪʳʤ ʧʦʛʣʦʪʠʪʝʣʝʤ ʠ ʦʭʣʘʞʜʘʝʤʦʡ ʩʪʦʨʦʥʦʡ ʚ ʵʣʝʢʪʨʠʯʝʩʪʚʦ. 

ʉʠʩʪʝʤʘ ʦʭʣʘʞʜʝʥʠʷ: ʨʘʜʠʘʪʦʨ, ʪʝʧʣʦʚʳʝ ʪʨʫʙʢʠ, ʞʠʜʢʦʩʪʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ 

ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʭʦʣʦʜʥʦʡ ʩʪʦʨʦʥʳ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʛʝʥʝʨʘʪʦʨʘ. ʊʝʧʣʦʠʟʦʣʷʮʠʷ: 
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ʤʠʥʠʤʠʟʘʮʠʷ ʧʘʨʘʟʠʪʥʳʭ ʪʝʧʣʦʚʳʭ ʧʦʪʝʨʴ ʦʪ ʧʦʛʣʦʪʠʪʝʣʷ ʠ ʛʦʨʷʯʝʡ ʩʪʦʨʦʥʳ 

ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʇʨʠ ʘʥʘʣʠʟʝ ʧʨʠʥʮʠʧʦʚ ʨʘʙʦʪʳ 

ʩʦʣʥʝʯʥʦ-ʪʝʧʣʦʚʳʭ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʛʝʥʝʨʘʪʦʨʦʚ ʨʘʙʦʪʫ ʛʝʥʝʨʘʪʦʨʘ ʤʦʞʥʦ ʨʘʟʙʠʪʴ ʥʘ 

ʥʝʩʢʦʣʴʢʦ ʦʩʥʦʚʥʳʭ ʵʪʘʧʦʚ: 

ʕʪʘʧ 1. ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʚ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʝ ʪʝʧʣʦ (ʧʨʠʥʮʠʧ 

ʩʦʣʥʝʯʥʦ-ʪʝʧʣʦʚʦʛʦ ʩʙʦʨʘ). 

ʕʪʘʧ 2. ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʪʝʧʣʘ ʚ ʵʣʝʢʪʨʠʯʝʩʪʚʦ (ʧʨʠʥʮʠʧ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʛʝʥʝʨʘʪʦʨʘ). 

ʕʪʘʧ 3. ʆʪʚʦʜ ʪʝʧʣʘ (ʧʨʠʥʮʠʧ ʵʬʬʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʪʚʦʜʘ).  

ʉʦʣʥʝʯʥʦ-ʪʝʧʣʦʚʳʝ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʛʝʥʝʨʘʪʦʨʳ ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʬʦʪʦ-ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʛʠʙʨʠʜʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ. ʇʨʝʠʤʫʱʝʩʪʚʘ ʩʦʣʥʝʯʥʦ-

ʪʝʧʣʦʚʳʭ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʛʝʥʝʨʘʪʦʨʦʚ ʧʝʨʝʜ ʜʨʫʛʠʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ. ʇʨʦʩʪʦʪʘ ʠ 

ʥʘʜʝʞʥʦʩʪʴ, ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʜʚʠʞʫʱʠʭʩʷ ʯʘʩʪʝʡ (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʚʠʛʘʪʝʣʷʤʠ ʉʪʠʨʣʠʥʛʘ ʚ 

ʩʦʣʥʝʯʥʦ-ʪʝʧʣʦʚʳʭ ʫʩʪʘʥʦʚʢʘʭ). ʄʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ð ʤʦʱʥʦʩʪʴ ʣʝʛʢʦ ʤʘʩʰʪʘʙʠʨʫʝʪʩʷ 

ʜʦʙʘʚʣʝʥʠʝʤ ʤʦʜʫʣʝʡ. ʈʘʙʦʪʘ ʧʨʠ ʨʘʩʩʝʷʥʥʦʤ ʩʚʝʪʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʥʝʢʦʪʦʨʳʤ ʘʨʭʠʪʝʢʪʫʨʘʤ 

ʨʘʙʦʪʘʪʴ ʙʝʟ ʪʦʯʥʦʛʦ ʩʣʝʞʝʥʠʷ ʟʘ ʜʚʠʞʝʥʠʝʤ ʩʦʣʥʮʘ. ɼʦʣʛʦʚʝʯʥʦʩʪʴ: ʧʨʠ ʧʨʘʚʠʣʴʥʦʤ ʚʳʙʦʨʝ 

ʤʘʪʝʨʠʘʣʦʚ ʩʨʦʢ ʩʣʫʞʙʳ ʤʦʞʝʪ ʧʨʝʚʳʰʘʪʴ 20 ʣʝʪ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʥʦʛʦ ʩʧʝʢʪʨʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ɻ ʬʬʝʢʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤʳ ʥʝ 

ʧʘʜʘʝʪ ʠʟ-ʟʘ ʀʂ-ʠʟʣʫʯʝʥʠʷ, ʢʘʢ ʫ ʯʠʩʪʦ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ. ʆʜʥʘʢʦ ʧʨʠ ʚʩʝʭ 

ʜʦʩʪʦʠʥʩʪʚʘʭ, ʵʪʠ ʩʠʩʪʝʤʳ ʠʤʝʶʪ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ ʠ ʦʛʨʘʥʠʯʝʥʠʡ: 

ʅʠʟʢʠʡ ʦʙʱʠʡ ʂʇɼ ʠʟ-ʟʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʫʤʥʦʞʝʥʠʷ ʂʇɼ (ʦʧʪʠʯʝʩʢʠʡ Ĭ ʪʝʧʣʦʚʦʡ Ĭ 

ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʡ) ʧʨʘʢʪʠʯʝʩʢʠʡ ʂʇɼ ʩʠʩʪʝʤ ʨʝʜʢʦ ʧʨʝʚʳʰʘʝʪ 5-8%, ʯʪʦ ʥʠʞʝ, ʯʝʤ ʫ 

ʩʦʚʨʝʤʝʥʥʳʭ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ (20-25%). 

ɺʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʥʘ ʚʘʪʪ ʚʩʣʝʜʩʪʚʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʨʦʛʠʭ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʦʧʪʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʩʠʩʪʝʤ ʪʦʯʥʦʛʦ ʩʣʝʞʝʥʠʷ. 

ʊʨʝʙʦʚʘʪʝʣʴʥʦʩʪʴ ʢ ʪʝʧʣʦʦʪʚʦʜʫ, ʪʘʢ ʢʘʢ ʜʣʷ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʘ 

ʩʣʦʞʥʘʷ ʠ ʵʥʝʨʛʦʟʘʪʨʘʪʥʘʷ ʩʠʩʪʝʤʘ ʦʭʣʘʞʜʝʥʠʷ. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʜʝʛʨʘʜʘʮʠʷ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ 

ʧʦʩʪʦʷʥʥʳʭ ʪʝʨʤʠʯʝʩʢʠʭ ʮʠʢʣʦʚ (ʜʝʥʴ/ʥʦʯʴ, ʦʙʣʘʢʘ), ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʢ ʤʝʭʘʥʠʯʝʩʢʠʤ 

ʥʘʧʨʷʞʝʥʠʷʤ ʠ ʫʩʪʘʣʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ. ɼʦʙʨʦʪʥʦʩʪʴ ὤὝ Ὕ ̫ ʚʣʷʝʪʩʷ ʢʣʶʯʝʚʦʡ ʤʝʪʨʠʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ, ʛʜʝ S ï ʢʦʵʬʬʠʮʠʝʥʪ ɿʝʝʙʝʢʘ, ů ï ɻ ʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ, ə ï 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, T ï ʘʙʩʦʣʶʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ. ʉʦʚʨʝʤʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʧʨʘʚʣʝʥʳ ʥʘ: 

ʉʥʠʞʝʥʠʝ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ ʜʣʷ 

ʫʚʝʣʠʯʝʥʠʷ ʨʘʩʩʝʷʥʠʷ ʬʦʥʦʥʦʚ ʥʘ ʛʨʘʥʠʮʘʭ ʟʝʨʝʥ ʙʝʟ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʩʥʠʞʝʥʠʷ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ. ʅʘʧʨʠʤʝʨ, ʩʦʟʜʘʥʠʝ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ [29]. 

ʇʦʚʳʰʝʥʠʝ ʪʝʨʤʦ-ʕɼʉ: ʠʩʩʣʝʜʫʶʪʩʷ ʥʦʚʳʝ ʧʘʨʘʜʠʛʤʳ, ʪʘʢʠʝ ʢʘʢ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʩʢʠʨʤʠʦʥʦʚ (ʤʘʛʥʠʪʥʳʭ ʚʠʭʨʝʡ) ʠ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʘʥʦʤʘʣʴʥʦ 

ʚʳʩʦʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ɿʝʝʙʝʢʘ [29]. 

ʄʘʪʝʨʠʘʣʳ ʜʣʷ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʜʠʘʧʘʟʦʥʦʚ: ɼʣʷ ʬʦʪʦ-ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʛʠʙʨʠʜʦʚ (ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ, <200ÁC) ʦʧʪʠʤʘʣʴʥʳ Bi Te  ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʝ. ɼʣʷ 

ʢʦʥʮʝʥʪʨʠʨʫʶʱʠʭ ʩʦʣʥʝʯʥʦ-ʪʝʧʣʦʚʳʭ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤ (ʩʨʝʜʥʝ- ʠ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ) ʧʝʨʩʧʝʢʪʠʚʥʳ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ PbTe, SnSe, GeTe ʠ SiGe. 

ʋʧʨʘʚʣʝʥʠʝ ʪʝʧʣʦʤ ð ɻʪʦ, ʚʦʟʤʦʞʥʦ, ʩʘʤʘʷ ʢʨʠʪʠʯʝʩʢʘʷ ʟʘʜʘʯʘ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʛʠʙʨʠʜʥʳʭ ʩʠʩʪʝʤ. ɼʣʷ ʛʦʨʷʯʝʡ ʩʪʦʨʦʥʳ ʛʠʙʨʠʜʥʳʭ ʩʠʩʪʝʤ ʥʝʦʙʭʦʜʠʤʘ 

ʨʘʟʨʘʙʦʪʢʘ ʩʧʝʢʪʨʘʣʴʥʦ-ʩʝʣʝʢʪʠʚʥʳʭ ʧʦʢʨʳʪʠʡ ʠ ʥʘʥʦʧʦʨʠʩʪʳʭ ʩʪʨʫʢʪʫʨ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʫʣʘʚʣʠʚʘʥʠʷ ʠ ʫʜʝʨʞʘʥʠʷ ʪʝʧʣʘ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʙʝʟ ʵʬʬʝʢʪʠʚʥʦʛʦ ʦʪʚʦʜʘ ʪʝʧʣʘ 

ȹT-ʨʘʟʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ ʤʝʞʜʫ ʛʦʨʷʯʝʡ ʠ ʭʦʣʦʜʥʳʤʠ ʩʪʦʨʦʥʘʤʠ ð ʙʳʩʪʨʦ ʧʘʜʘʝʪ. 
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ʉʦʚʨʝʤʝʥʥʳʝ ʨʘʙʦʪʳ ʧʨʝʜʣʘʛʘʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ ʧʦʜʜʝʨʞʘʥʠʷ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʭʦʣʦʜʥʦʡ ʩʪʦʨʦʥʝ. ɺʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʝ ʨʘʜʠʘʪʦʨʳ ʩ ʫʚʝʣʠʯʝʥʥʦʡ ʧʣʦʱʘʜʴʶ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʤʘʪʝʨʠʘʣʳ ʩ ʬʘʟʦʚʳʤ ʧʝʨʝʭʦʜʦʤ ʜʣʷ ʙʫʬʝʨʠʟʘʮʠʠ ʪʝʧʣʦʚʦʡ ʥʘʛʨʫʟʢʠ. 

ʄʠʢʨʦʢʘʥʘʣʴʥʳʝ ʪʝʧʣʦʦʙʤʝʥʥʠʢʠ ʩ ʞʠʜʢʦʩʪʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ, ʢʦʪʦʨʳʝ ʠʥʪʝʛʨʠʨʫʶʪʩʷ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʤʦʜʫʣʴ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʛʝʥʝʨʘʪʦʨʘ [30]. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʜʜʝʨʞʠʚʘʪʴ 

ʚʳʩʦʢʠʡ ʛʨʘʜʠʝʥʪ, ʥʦ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʵʥʝʨʛʦʟʘʪʨʘʪ [31, 32]. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʨʦʛʨʝʩʩ, ʜʚʠʞʠʤʳʡ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʤ ʧʦʜʭʦʜʦʤ, 

ʦʙʲʝʜʠʥʷʶʱʠʤ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝ, ʪʝʧʣʦʚʫʶ ʠʥʞʝʥʝʨʠʶ ʠ ʬʦʪʦʥʠʢʫ. ʂʨʘʪʢʦʩʨʦʯʥʳʝ 

ʧʝʨʩʧʝʢʪʠʚʳ ʩʚʷʟʘʥʳ ʩ ʜʘʣʴʥʝʡʰʝʡ ʦʧʪʠʤʠʟʘʮʠʝʡ ʛʠʙʨʠʜʥʳʭ ʬʦʪʦ-ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ ʜʣʷ ʢʦʤʤʝʨʮʠʘʣʠʟʘʮʠʠ, ʦʩʦʙʝʥʥʦ ʪʘʤ, ʛʜʝ ʚʘʞʥʳ ʥʘʜʝʞʥʦʩʪʴ ʠ ʢʦʤʧʘʢʪʥʦʩʪʴ 

(ʥʘʧʨʠʤʝʨ, ʢʦʩʤʠʯʝʩʢʠʝ ʘʧʧʘʨʘʪʳ, ʫʜʘʣʝʥʥʳʝ ʜʘʪʯʠʢʠ). ɺ ʜʦʣʛʦʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ 

ʦʩʥʦʚʥʳʝ ʧʨʦʨʳʚʳ ʦʞʠʜʘʶʪʩʷ ʦʪ ʦʪʢʨʳʪʠʷ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʥʘʧʨʠʤʝʨ, ʧʦʠʩʢ 

ʪʝʨʤʦʵʣʝʢʪʨʠʢʦʚ ʩ ʩ ʜʦʙʨʦʪʥʦʩʪʴʶ ZT>3 ʧʨʠ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ, ʚʦʟʤʦʞʥʦ, ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʛʦ ʩʢʨʠʥʠʥʛʘ. ʈʘʟʚʠʪʠʝ 

ʬʦʪʦʪʝʨʤʘʣʴʥʳʭ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʛʝʥʝʨʘʪʦʨʦʚ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʩʦʟʜʘʥʠʝʤ ʧʦʣʥʦʩʪʴʶ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ, ʜʝʰʝʚʳʭ ʠ ʤʘʩʰʪʘʙʠʨʫʝʤʳʭ ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʧʨʷʤʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʚʝʪʘ 

ʚ ʵʣʝʢʪʨʠʯʝʩʪʚʦ ʙʝʟ ʩʣʦʞʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ʄʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʟʘ 

ʩʯʝʪ ʠʥʪʝʛʨʘʮʠʠ ʛʠʙʨʠʜʥʳʭ ʩʠʩʪʝʤ ʚ ʩʠʩʪʝʤʫ ʦʙʦʛʨʝʚʘ ʠ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ, ʛʜʝ ʦʥʠ ʙʫʜʫʪ ʥʝ 

ʪʦʣʴʢʦ ʛʝʥʝʨʠʨʦʚʘʪʴ ʵʣʝʢʪʨʠʯʝʩʪʚʦ, ʥʦ ʠ ʚʳʧʦʣʥʷʪʴ ʬʫʥʢʮʠʠ ʪʝʧʣʦʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʟʜʘʥʠʝʤ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʩʪʦʠʤʦʩʪʴʶ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʩʣʦʞʥʦʩʪʴʶ ʪʝʧʣʦʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʥʝʧʨʝʨʳʚʥʳʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠ 

ʧʨʠʢʣʘʜʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʚʝʨʝʥʥʦ ʜʚʠʞʫʪ ʵʪʫ ʪʝʭʥʦʣʦʛʠʶ ʢ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʫʝʤʦʩʪʠ, ʫʢʨʝʧʣʷʷ ʝʸ ʨʦʣʴ ʚ ʙʫʜʫʱʝʤ ʣʘʥʜʰʘʬʪʝ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ 

ʵʥʝʨʛʝʪʠʢʠ. 
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ʬʦʪʦʥʠʢʝ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʦʧʪʠʢʝ: ʩʙʦʨʥʠʢ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ. ʄ., 2019. ʉ. 695-696. 

32. ʀʩʤʘʥʦʚ ʖ. ʍ. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʚʦʣʥʘʤʠ ʨʘʟʣʠʯʥʦʡ ʜʣʠʥʳ // ʀʟʚʝʩʪʠʷ 

ʅʘʮʠʦʥʘʣʴʥʦʡ ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʂʳʨʛʳʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ. 2015. ̄4. ʉ. 30-33. 

 

References: 

1. Wolf, M. (1976). Performance analyses of combined heating and photovoltaic power systems 

for residences. Energy conversion, 16(1-2), 79-90. https://doi.org/10.1016/0013-7480(76)90018-8 

2. Florschuetz, L. W. (1975). On heat rejection from terrestrial solar cell arrays with sunlight 

concentration. In 11th photovoltaic specialists conference (pp. 318-326). 

3. Florschuetz, L. W. (1979). Extension of the Hottel-Whillier model to the analysis of 

combined photovoltaic/thermal flat plate collectors. Solar energy, 22(4), 361-366. 

https://doi.org/10.1016/0038-092X(79)90190-7 

4. Kern Jr, E. C., & Russell, M. C. (1977). Combined photovoltaic and thermal hybrid collector 

systems (No. COO-4577-3; CONF-780619-24). Massachusetts Inst. of Tech., Lexington (USA). 

Lincoln Lab.. 

5. Hendrie, S. D. (1978). Evaluation of combined photovoltaic/thermal collectors (No. COO-

4577-8; CONF-790541-54). Massachusetts Inst. of Tech., Lexington (USA). Lincoln Lab.. 

6. Raghuraman, P. (1981). Analytical predictions of liquid and air photovoltaic/thermal, flat-

plate collector performance. https://doi.org/10.1115/1.3266256 

7. Cox Iii, C. H., & Raghuraman, P. (1985). Design considerations for flat-plate-

photovoltaic/thermal collectors. Solar energy, 35(3), 227-241. https://doi.org/10.1016/0038-

092X(85)90102-1 



ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ / Bulletin of Science and Practice 

https://www.bulletennauki.ru 

ʊ. 12. ˉ3 2026 

https://doi.org/10.33619/2414-2948/124 

 

 ʊʠʧ ʣʠʮʝʥʟʠʠ CC: Attribution 4.0 International (CC BY 4.0) 156 

8. Chow, T. T. (2018). A review on photovoltaic/thermal hybrid solar technology. Renewable 

Energy, Vol4_88-Vol4_119. 

9. Kraemer, D., McEnaney, K., Chiesa, M., & Chen, G. (2012). Modeling and optimization of 

solar thermoelectric generators for terrestrial applications. Solar Energy, 86(5), 1338-1350. 

https://doi.org/10.1016/j.solener.2012.01.025 

10. Gou, X., Xiao, H., & Yang, S. (2010). Modeling, experimental study and optimization on 

low-temperature waste heat thermoelectric generator system. Applied energy, 87(10), 3131-3136. 

https://doi.org/10.1016/j.apenergy.2010.02.013 

11. Van Sark, W. G. J. H. M. (2011). Feasibility of photovoltaicïthermoelectric hybrid modules. 

Applied Energy, 88(8), 2785-2790. https://doi.org/10.1016/j.apenergy.2011.02.008 

12. Al-Nimr, M. D. A., Tashtoush, B. M., & Jaradat, A. A. (2015). Modeling and simulation of 

thermoelectric device working as a heat pump and an electric generator under Mediterranean climate. 

Energy, 90, 1239-1250. https://doi.org/10.1016/j.energy.2015.06.090 

13. Wang, N., Han, L., He, H., Park, N. H., & Koumoto, K. (2011). A novel high-performance 

photovoltaicïthermoelectric hybrid device. Energy & Environmental Science, 4(9), 3676-3679. 

https://doi.org/10.1039/c1ee01646f 

14. Hsueh, T. J., Shieh, J. M., & Yeh, Y. M. (2015). Hybrid Cd free CIGS solar cell/TEG device 

with ZnO nanowires. Progress in Photovoltaics: Research and Applications, 23(4), 507-512. 

https://doi.org/10.1002/pip.2457 

15. Zhang, J., Xuan, Y., & Yang, L. (2014). Performance estimation of photovoltaicï

thermoelectric hybrid systems. Energy, 78, 895-903. https://doi.org/10.1016/j.energy.2014.10.087 

16. Liao, T., Lin, B., & Yang, Z. (2014). Performance characteristics of a low concentrated 

photovoltaicïthermoelectric hybrid power generation device. International Journal of Thermal 

Sciences, 77, 158-164. https://doi.org/10.1016/j.ijthermalsci.2013.10.013 

17. Dallan, B. S., Schumann, J., & Lesage, F. J. (2015). Performance evaluation of a 

photoelectricïthermoelectric cogeneration hybrid system. Solar Energy, 118, 276-285. 

https://doi.org/10.1016/j.solener.2015.05.034 

18. Wu, Y. Y., Wu, S. Y., & Xiao, L. (2015). Performance analysis of photovoltaicï

thermoelectric hybrid system with and without glass cover. Energy Conversion and Management, 93, 

151-159. https://doi.org/10.1016/j.enconman.2015.01.013 

19. Lin, J., Liao, T., & Lin, B. (2015). Performance analysis and load matching of a 

photovoltaicïthermoelectric hybrid system. Energy Conversion and Management, 105, 891-899. 

https://doi.org/10.1016/j.enconman.2015.08.054 

20. Ismail, K. A. R., & Goncalves, M. M. (1999). Thermal performance of a PCM storage unit. 

Energy conversion and management, 40(2), 115-138. https://doi.org/10.1016/S0196-8904(98)00042-

9 

21. Huang, M. J., Eames, P. C., & Norton, B. (2004). Thermal regulation of building-integrated 

photovoltaics using phase change materials. International Journal of heat and mass transfer, 47(12-

13), 2715-2733. https://doi.org/10.1016/j.ijheatmasstransfer.2003.11.015 

22. Huang, M. J., Eames, P. C., & Hewitt, N. J. (2006). The application of a validated numerical 

model to predict the energy conservation potential of using phase change materials in the fabric of a 

building. Solar Energy Materials and Solar Cells, 90(13), 1951-1960. 

https://doi.org/10.1016/j.solmat.2006.02.002 

23. Huang, M. J., Eames, P. C., & Norton, B. (2006). Phase change materials for limiting 

temperature rise in building integrated photovoltaics. Solar energy, 80(9), 1121-1130. 

https://doi.org/10.1016/j.solener.2005.10.006 



ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ / Bulletin of Science and Practice 

https://www.bulletennauki.ru 

ʊ. 12. ˉ3 2026 

https://doi.org/10.33619/2414-2948/124 

 

 ʊʠʧ ʣʠʮʝʥʟʠʠ CC: Attribution 4.0 International (CC BY 4.0) 157 

24. Maiti, S., Banerjee, S., Vyas, K., Patel, P., & Ghosh, P. K. (2011). Self regulation of 

photovoltaic module temperature in V-trough using a metalïwax composite phase change matrix. 

Solar energy, 85(9), 1805-1816. https://doi.org/10.1016/j.solener.2011.04.021 

25. Aelenei, L., Pereira, R., Gon­alves, H., & Athienitis, A. (2014). Thermal performance of a 

hybrid BIPV-PCM: modeling, design and experimental investigation. Energy Procedia, 48, 474-483. 

https://doi.org/10.1016/j.egypro.2014.02.056 

26. Malvi, C. S., Dixon-Hardy, D. W., & Crook, R. (2011). Energy balance model of combined 

photovoltaic solar-thermal system incorporating phase change material. Solar Energy, 85(7), 1440-

1446. https://doi.org/10.1016/j.solener.2011.03.027 

27. Zhang, P., Li, Q., & Xuan, Y. (2014). Thermal contact resistance of epoxy composites 

incorporated with nano-copper particles and the multi-walled carbon nanotubes. Composites Part A: 

Applied Science and Manufacturing, 57, 1-7. https://doi.org/10.1016/j.compositesa.2013.10.022 

28. Kraemer, D., Poudel, B., Feng, H. P., Caylor, J. C., Yu, B., Yan, X., ... & Chen, G. (2011). 

High-performance flat-panel solar thermoelectric generators with high thermal concentration. Nature 

materials, 10(7), 532-538. https://doi.org/10.1038/nmat3013 

29. Ma, T., Yang, H., Zhang, Y., Lu, L., & Wang, X. (2015). Using phase change materials in 

photovoltaic systems for thermal regulation and electrical efficiency improvement: A review and 

outlook. Renewable and sustainable energy reviews, 43, 1273-1284. 

https://doi.org/10.1016/j.rser.2014.12.003 

30. Ismanov, Yu., Niyazov, N., Dzhamankyzov, N., & Zhumaliev, K. (2020). Thermoelectronic 

Conversion of Solar Energy Using a Heterostructural Cathode. Bulletin of Science and Practice, 6(9), 

211-221. (in Russian). https://doi.org/10.33619/2414-2948/58/21 

31. Ismanov, Yu. Kh., & Tynyshova, T. D. (2019). Umen'shenie ob"ema vvodimykh dannykh 

pri komp'yuternoi obrabotke interferogramm. In Materialy VIII Mezhdunarodnoi konferentsii po 

fotonike i informatsionnoi optike: sbornik nauchnykh trudov, Moscow, 695-696. (in Russian). 

32. Ismanov, Yu. Kh. (2015). Vosstanovlenie izobrazheniya volnami razlichnoi dliny. Izvestiya 

Natsional'noi Akademii nauk Kyrgyzskoi Respubliki, (4), 30-33. (in Russian). 

 

 

ʇʦʩʪʫʧʠʣʘ ʚ ʨʝʜʘʢʮʠʶ 

05.01.2026 ʛ. 

 ʇʨʠʥʷʪʘ ʢ ʧʫʙʣʠʢʘʮʠʠ 

12.01.2026 ʛ. 

____________________________________________________________________________ 

 

 

ʉʩʳʣʢʘ ʜʣʷ ʮʠʪʠʨʦʚʘʥʠʷ: 

ʀʩʤʘʥʦʚ ʖ. ʍ., ɼʞʘʤʘʥʢʳʟʦʚ ʅ. ʂ., ʊʳʥʳʰʦʚʘ ʊ. ɼ. ʉʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʛʠʙʨʠʜʥʳʭ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ // ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ. 2026. ʊ. 12. ˉ3. ʉ. 148-157. 

https://doi.org/10.33619/2414-2948/124/16 

 

Cite as (APA): 

Ismanov, Yu., Dzhamankizov, N., & Tynyshova, T. (2026). Current state of Research in the 

Field of Hybrid Thermoelectric Systems for Solar Energy Conversion. Bulletin of Science and 

Practice, 12(3), 148-157. (in Russian). https://doi.org/10.33619/2414-2948/124/16 

  



ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ / Bulletin of Science and Practice 

https://www.bulletennauki.ru 

ʊ. 12. ˉ3 2026 

https://doi.org/10.33619/2414-2948/124 

 

 ʊʠʧ ʣʠʮʝʥʟʠʠ CC: Attribution 4.0 International (CC BY 4.0) 158 

ʋɼʂ 631.171.62 https://doi.org/10.33619/2414-2948/124/17 

 

ʆʎɽʅʂɸ ɺʃʀʗʅʀʗ ʄɽʈʆʇʈʀʗʊʀʁ ʇʆ ʇʆɺʓʐɽʅʀʖ  

ʂɸʏɽʉʊɺɸ ʕʃɽʂʊʈʆʕʅɽʈɻʀʀ ʅɸ ʅɸɼɽɾʅʆʉʊʔ ʕʃɽʂʊʈʆʉʅɸɹɾɽʅʀʗ 

 

Éʕʣʯʠʝʚʘ ʄ. ʉ., ORCID: 0009-0005-3492-5778, SPIN-ʢʦʜ: 3129-3572, ʢʘʥʜ. ʵʢʦʥ. ʥʘʫʢ,  

ʆʰʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ. ʄ. ɸʜʳʰʝʚʘ,  

ʛ. ʆʰ, ʂʳʨʛʳʟʩʪʘʥ, malikaelchieva75@gmail.com 

Éɸʥʜʘʝʚʘ ɿ. ʊ., ORCID: 0000-0003-1497-8141, SPIN-ʢʦʜ: 2326-4686, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ,  

ʆʰʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ. ʄ. ɸʜʳʰʝʚʘ,  

ʛ. ʆʰ, ʂʳʨʛʳʟʩʪʘʥ, zandaeva77@mail.ru 

Éʂʘʥʘʪʙʝʢʦʚ ʀ. ɸ., ʆʰʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ. ʄ. ɸʜʳʰʝʚʘ,  

ʛ. ʆʰ, ʂʳʨʛʳʟʩʪʘʥ 

 

ASSESSMENT OF THE IMPACT OF POWER QUALITY  

IMPROVEMENT MEASURES ON THE RELIABILITY OF POWER SUPPLY 

 

ÉElchieva M., ORCID: 0009-0005-3492-5778, SPIN-code: 3129-3572, Ph.D, Osh Technological 

University named after M. Adyshev, Osh, Kyrgyzstan, malikaelchieva75@gmail.com 

ÉAndaeva Z., ORCID:0000-0003-1497-814, SPIN-code: 2326-4686, Ph.D, Osh Technological 

University named after M. Adyshev, Osh, Kyrgyzstan, zandaeva77@mail.ru 

ÉKanatbekov I., Osh Technological University named after M. Adyshev, Osh, Kyrgyzstan 

 

ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʣʠʷʥʠʝ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʧʦʚʳʰʝʥʠʶ ʢʘʯʝʩʪʚʘ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ ʥʘʜʝʞʥʦʩʪʴ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʧʦʪʨʝʙʠʪʝʣʝʡ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʦʩʥʦʚʥʳʝ 

ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʠʭ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʨʘʙʦʪʫ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʠ 

ʵʣʝʤʝʥʪʦʚ ʵʥʝʨʛʦʩʠʩʪʝʤʳ. ʈʘʩʩʤʦʪʨʝʥʳ ʤʝʨʳ, ʢʦʪʦʨʳʝ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʫʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʩʥʠʞʝʥʠʷ ʘʚʘʨʠʡʥʦʩʪʠ, ʫʤʝʥʴʰʝʥʠʷ ʧʦʪʝʨʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʧʦʚʳʰʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ 

ʥʘʜʝʞʥʦʩʪʠ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʢʦʤʧʣʝʢʩʥʳʡ 

ʧʦʜʭʦʜ ʢ ʫʣʫʯʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ 

ʥʘʜʝʞʥʦʩʪʠ ʨʘʙʦʪʳ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ. 

 

Abstract. This article examines the impact of measures aimed at improving power quality on 

the reliability of electricity supply to consumers. The main power quality indicators and their effects 

on the operation of electrical equipment and power system components are analyzed. Measures 

intended to improve power quality are considered, and the effectiveness of these measures is assessed 

in terms of reducing failure rates, decreasing power losses, and improving electricity supply reliability 

indicators. The research results confirm that a comprehensive approach to power quality improvement 

contributes to enhanced stability and reliability of power supply systems. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʘʯʝʩʪʚʦ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʥʘʜʝʞʥʦʩʪʴ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ, 

ʵʬʬʝʢʪʠʚʥʦʩʪ ɹɻʣʝʢʨʦʩʥʘʙʞʝʥʠʷ, ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʝʪʠ. 

 

Keywords: quality of electricity, reliability of electricity supply, efficiency of electricity supply, 

electrical networks. 

 

ʅʘʜʝʞʥʦʩʪʴ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ïɻ ʪʦ ʦʜʠʥ ʠʟ ʢʣʶʯʝʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, 
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ʢʦʛʜʘ ʠʜʝʪ ʨʦʩʪ ʧʦʪʨʝʙʣʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʢʦʛʜʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦʣʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ 

ʢʘʯʝʩʪʚʫ ʧʠʪʘʥʠʷ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʢʦʛʜʘ ʠʜʝʪ ʘʢʪʠʚʥʦʝ ʚʥʝʜʨʝʥʠʝ ʮʠʬʨʦʚʳʭ ʠ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʪʨʝʙʦʚʘʥʠʷ ʢ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʠ ʢ 

ʢʘʯʝʩʪʚʫ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʶʪ [1].  

ʆʙʳʯʥʦ ʥʘʨʫʰʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʨʠʚʦʜʷʪ ʢ ʩʥʠʞʝʥʠʶ ʩʨʦʢʘ 

ʩʣʫʞʙʳ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʫʚʝʣʠʯʝʥʠʶ ʧʦʪʝʨʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʨʦʩʪʫ ʘʚʘʨʠʡʥʦʩʪʠ ʚ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʷʭ. ʂʘʯʝʩʪʚʦ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʦ ʩ ʥʘʜʝʞʥʦʩʪʴʶ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʧʦʪʨʝʙʠʪʝʣʝʡ, ʧʦʩʢʦʣʴʢʫ ʦʪʢʣʦʥʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ, ʛʘʨʤʦʥʠʯʝʩʢʠʝ 

ʠʩʢʘʞʝʥʠʷ, ʥʝʩʠʤʤʝʪʨʠʷ ʬʘʟ ʠ ʢʦʣʝʙʘʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʶʪ ʥʘ ʨʝʞʠʤʳ ʨʘʙʦʪʳ 

ʵʣʝʤʝʥʪʦʚ ʵʥʝʨʛʦʩʠʩʪʝʤʳ [2].  

ʆʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʪ ʨʘʟʨʘʙʦʪʢʘ ʠ ʚʥʝʜʨʝʥʠʝ ʤʝʨʦʧʨʠʷʪʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ 

ʥʘ ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʘ ʪʘʢʞʝ ʦʮʝʥʢʘ ʠʭ ʚʣʠʷʥʠʷ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʥʘʜʝʞʥʦʩʪʠ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ. ʎʝʣʴʶ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ 

ʧʦʚʳʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ ʥʘʜʝʞʥʦʩʪʴ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʧʦʪʨʝʙʠʪʝʣʝʡ. ɺ 

ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʘʥʘʣʠʟʠʨʫʶʪʩʷ 

ʧʨʠʯʠʥʳ ʠʭ ʫʭʫʜʰʝʥʠʷ ʠ ʧʨʝʜʣʘʛʘʶʪʩʷ ʪʝʭʥʠʯʝʩʢʠʝ ʤʝʨʳ ʧʦ ʠʭ ʫʣʫʯʰʝʥʠʶ. ɸʚʪʦʨʳ ʨʘʥʝʝ 

ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʘʪʨʠʚʘʣʠ ʧʨʦʙʣʝʤʳ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʩʚʦʠʭ ʨʘʙʦʪʘʭ [3-8].  

 ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʦʮʝʥʢʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʧʦʚʳʰʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʨʘʙʦʪʳ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʦʩʥʦʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʚʳʷʚʠʪʴ ʬʘʢʪʦʨʳ, 

ʚʣʠʷʶʱʠʝ ʥʘ ʠʭ ʦʪʢʣʦʥʝʥʠʷ ʚ ʩʠʩʪʝʤʘʭ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ. 

2. ʀʩʩʣʝʜʦʚʘʪʴ ʚʣʠʷʥʠʝ ʥʘʨʫʰʝʥʠʡ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ ʥʘʜʝʞʥʦʩʪʴ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʠ ʨʘʙʦʪʫ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦʪʨʝʙʠʪʝʣʝʡ. 

3. ʈʘʩʩʤʦʪʨʝʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ ʪʝʭʥʠʯʝʩʢʠʝ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ, 

ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

4. ʆʮʝʥʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʫʣʫʯʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʩʥʠʞʝʥʠʷ ʘʚʘʨʠʡʥʦʩʪʠ ʠ ʧʦʪʝʨʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

5. ʆʧʨʝʜʝʣʠʪʴ ʚʣʠʷʥʠʝ ʨʝʘʣʠʟʫʝʤʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʥʘʜʝʞʥʦʩʪʠ ʩʠʩʪʝʤ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ. 

6. ʆʙʦʩʥʦʚʘʪʴ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʧʦʚʳʰʝʥʠʶ ʢʘʯʝʩʪʚʘ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʫʩʪʦʡʯʠʚʦʡ ʠ ʥʘʜʝʞʥʦʡ ʨʘʙʦʪʳ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ. 

ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ: ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʧʦʪʨʝʙʠʪʝʣʝʡ 

ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ;  ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʝʪʠ ʠ ʠʭ ʵʣʝʤʝʥʪʳ (ʣʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ, 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʳʝ ʧʦʜʩʪʘʥʮʠʠ, ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ); ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʩʠʩʪʝʤʘʭ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ; ʧʨʦʮʝʩʩʳ ʧʝʨʝʜʘʯʠ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ; ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʠ ʫʩʪʨʦʡʩʪʚʘ, ʧʨʠʤʝʥʷʝʤʳʝ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʢʣʶʯʘʶʪ: ʘʥʘʣʠʟ ʠ ʦʙʦʙʱʝʥʠʝ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʳ 

ʠ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʚ ʦʙʣʘʩʪʠ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʥʘʜʝʞʥʦʩʪʠ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ; ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ 

ʥʘʜʝʞʥʦʩʪʠ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ; ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʩʠʩʪʝʤ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʜʦ ʠ ʧʦʩʣʝ ʚʥʝʜʨʝʥʠʷ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʧʦʚʳʰʝʥʠʶ ʢʘʯʝʩʪʚʘ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ; ʤʝʪʦʜʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʧʦ ʘʚʘʨʠʡʥʦʩʪʠ ʠ ʧʦʪʝʨʷʤ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ; ʨʘʩʯʝʪʥʳʝ ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʝʭʥʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ; 

ʩʠʩʪʝʤʥʳʡ ʠ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʢ ʘʥʘʣʠʟʫ ʚʟʘʠʤʦʩʚʷʟʠ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ 

ʥʘʜʝʞʥʦʩʪʠ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ. 



ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ / Bulletin of Science and Practice 

https://www.bulletennauki.ru 

ʊ. 12. ˉ3 2026 

https://doi.org/10.33619/2414-2948/124 

 

 ʊʠʧ ʣʠʮʝʥʟʠʠ CC: Attribution 4.0 International (CC BY 4.0) 160 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʧʦʚʳʰʝʥʠʶ ʢʘʯʝʩʪʚʘ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʥʘʜʝʞʥʦʩʪʴ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ 

ʧʦʪʨʝʙʠʪʝʣʝʡ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚʢʣʶʯʘʶʪ: 

1. ʉʥʠʞʝʥʠʝ ʘʚʘʨʠʡʥʦʩʪʠ ʠ ʦʪʢʘʟʦʚ ʦʙʦʨʫʜʦʚʘʥʠʷ ð ʚʥʝʜʨʝʥʠʝ ʢʦʤʧʝʥʩʠʨʫʶʱʠʭ 

ʫʩʪʨʦʡʩʪʚ, ʬʠʣʴʪʨʦʚ ʛʘʨʤʦʥʠʢ ʠ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʘʧʨʷʞʝʥʠʷ 

ʧʦʟʚʦʣʠʣʦ ʫʤʝʥʴʰʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʡ ʠ ʘʚʘʨʠʡ ʚ ʩʝʪʷʭ [3]. 

2. ʋʤʝʥʴʰʝʥʠʝ ʧʦʪʝʨʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ð ʫʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʥʘʧʨʷʞʝʥʠʷ ʠ 

ʙʘʣʘʥʩʠʨʦʚʢʘ ʬʘʟ ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʩʥʠʞʝʥʠʶ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʚ ʣʠʥʠʷʭ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ ʠ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʳʭ ʧʦʜʩʪʘʥʮʠʷʭ [4]. 

3. ʇʦʚʳʰʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ð ʘʥʘʣʠʟ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦʢʘʟʘʣ, 

ʯʪʦ ʩʪʘʙʠʣʴʥʦʩʪʴ ʥʘʧʨʷʞʝʥʠʷ ʠ ʩʦʢʨʘʱʝʥʠʝ ʢʦʣʝʙʘʥʠʡ ʠ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʠʩʢʘʞʝʥʠʡ 

ʧʦʚʳʰʘʶʪ ʥʘʜʝʞʥʦʩʪʴ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʤʠʥʠʤʠʟʠʨʫʶʪ ʨʠʩʢʠ ʦʪʢʣʶʯʝʥʠʡ [5]. 

4. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ð ʩʦʯʝʪʘʥʠʝ ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ 

ʤʝʨʦʧʨʠʷʪʠʡ, ʚʢʣʶʯʘʷ ʤʦʥʠʪʦʨʠʥʛ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʧʣʘʥʦʚʳʝ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʝ 

ʨʘʙʦʪʳ ʠ ʚʥʝʜʨʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʩʨʝʜʩʪʚ ʢʦʤʧʝʥʩʘʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ ʥʘʜʝʞʥʦʩʪʠ, ʯʝʤ ʦʪʜʝʣʴʥʳʝ ʤʝʨʳ [6]. 

5. ʇʨʦʛʥʦʟʠʨʫʝʤʦʝ ʫʣʫʯʰʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʜʝʞʥʦʩʪʠ ð ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ 

ʧʨʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʤ ʚʥʝʜʨʝʥʠʠ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʫʣʫʯʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠʥʜʝʢʩ 

ʥʘʜʝʞʥʦʩʪʠ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʤʦʞʝʪ ʧʦʚʳʰʘʪʴʩʷ ʥʘ 10ï15% ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʨʦʚʥʷ 

ʠʩʭʦʜʥʦʡ ʥʘʛʨʫʟʢʠ ʠ ʩʦʩʪʦʷʥʠʷ ʩʝʪʝʡ [7, 8]. 

 

ɺʳʚʦʜ 

ʇʨʦʚʝʜʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʧʦʚʳʰʝʥʠʶ ʢʘʯʝʩʪʚʘ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʦʢʘʟʳʚʘʶʪ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʥʘʜʝʞʥʦʩʪʴ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ, ʧʨʠ 

ʵʪʦʤ ʩʥʠʞʘʷ ʘʚʘʨʠʡʥʦʩʪʴ ʠ ʯʘʩʪʦʪʫ ʦʪʢʘʟʦʚ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ. ʋʣʫʯʰʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ 

ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʪʘʢʠʭ ʢʘʢ ʩʪʘʙʠʣʴʥʦʩʪʴ ʥʘʧʨʷʞʝʥʠʷ, ʛʘʨʤʦʥʠʯʝʩʢʠʝ ʠʩʢʘʞʝʥʠʷ ʠ 

ʬʘʟʦʚʘʷ ʩʠʤʤʝʪʨʠʷ, ʩʧʦʩʦʙʩʪʚʫʶʪ ʫʤʝʥʴʰʝʥʠʶ ʧʦʪʝʨʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʝʥʠʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ. ʂʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ   

ʪʝʭʥʠʯʝʩʢʠʝ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ, ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʚʳʩʦʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ 

ʥʘʜʝʞʥʦʩʪʠ ʨʘʙʦʪʳ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʤʝʨʦʧʨʠʷʪʠʷʤʠ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʜʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʘʩʯʝʪʥʳʤʠ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤʠ 

ʜʘʥʥʳʤʠ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʚʘʞʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ. ʊʘʢʞʝ ʚʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʩʦʚʨʝʤʝʥʥʳʭ ʩʨʝʜʩʪʚ ʢʦʤʧʝʥʩʘʮʠʠ ʢʘʯʝʩʪʚʘ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʪʘʙʠʣʴʥʦʛʦ ʠ 

ʙʝʟʦʧʘʩʥʦʛʦ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʧʦʪʨʝʙʠʪʝʣʝʡ. 
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ɸʥʥʦʪʘʮʠʷ. ɸʥʘʣʠʟʤʨʫʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʤʝʪʦʜʦʚ 

ʜʠʘʛʥʦʩʪʠʢʠ ʩʦʩʪʦʷʥʠʷ ʠʟʦʣʷʮʠʠ ʩʠʣʦʚʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ. ʇʦʢʘʟʘʥʳ ʦʩʥʦʚʥʳʝ ʚʠʜʳ 

ʜʝʬʝʢʪʦʚ ʠʟʦʣʷʮʠʠ, ʘ ʪʘʢʞʝ ʚʣʠʷʥʠʝ ʥʘ ʥʘʜʝʞʥʦʩʪʴ ʠ ʩʨʦʢ ʩʣʫʞʙʳ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. ʇʨʝʜʣʦʞʝʥʳ ʧʫʪʠ ʧʦʚʳʰʝʥʠʷ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ ʠ ʪʦʯʥʦʩʪʠ ʜʠʘʛʥʦʩʪʠʢʠ ʟʘ 

ʩʯʸʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʠ ʚʥʝʜʨʝʥʠʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ 

ʤʦʥʠʪʦʨʠʥʛʘ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʠʣʦʚʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʠ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ ʚ 

ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ. 

 

Abstract. This article examines modern approaches to improving methods for diagnosing the 

condition of power transformer insulation. The main types of insulation defects are identified, as well 

as their impact on the reliability and service life of transformer equipment. Ways to increase the 

informativeness and accuracy of diagnostics are proposed through the integrated application of 

methods and the implementation of automated monitoring systems. The results of this work can be 

used to enhance the reliability of power transformer operation and to prevent emergency situations in 

power systems. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʟʦʣʷʮʠʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ, ʩʠʣʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ, ʜʝʬʝʢʪ ʠʟʦʣʷʮʠʠ. 

 

Keywords: transformer insulation, power transformer, insulation defect. 

 

ʉʠʣʦʚʳʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ ð ʦʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʆʪ 

ʥʘʜʝʞʥʦʡ ʨʘʙʦʪʳ ʩʠʣʦʚʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʟʘʚʠʩʠʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ. ʅʝʩʦʤʥʝʥʥʦ, ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʫʷʟʚʠʤʳʭ ʠ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʫʟʣʦʚ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʷʚʣʷʝʪʩʷ ʝʛʦ ʠʟʦʣʷʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʪʚʝʨʜʫʶ (ʙʫʤʘʞʥʫʶ) ʠ 

ʞʠʜʢʫʶ (ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʝ ʤʘʩʣʦ) ʠʟʦʣʷʮʠʶ. ʉʨʦʢ ʩʣʫʞʙʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʚʝʨʦʷʪʥʦʩʪʴ 
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ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʘʚʘʨʠʡʥʳʭ ʨʝʞʠʤʦʚ ʟʘʚʠʩʠʪ ʦʪ ʩʦʩʪʦʷʥʠʷ ʠʟʦʣʷʮʠʠ. ʀʟʦʣʷʮʠʷ ʩʠʣʦʚʳʭ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʜʚʝʨʛʘʝʪʩʷ ʚʦʟʜʝʡʩʪʚʠʶ ʵʣʝʢʪʨʠʯʝʩʢʠʭ, 

ʪʝʧʣʦʚʳʭ, ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʭʠʤʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ [1].  

ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʝʝ ʧʦʩʪʝʧʝʥʥʦʤʫ ʩʪʘʨʝʥʠʶ ʠ ʜʝʛʨʘʜʘʮʠʠ. ʅʝʩʚʦʝʚʨʝʤʝʥʥʦʝ ʚʳʷʚʣʝʥʠʝ 

ʜʝʬʝʢʪʦʚ ʠʟʦʣʷʮʠʠ- ʦʜʥʘ ʠʟ ʧʨʠʯʠʥ ʩʝʨʴʝʟʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʜʣʠʪʝʣʴʥʳʭ 

ʧʨʦʩʪʦʝʚ ʠ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʫʱʝʨʙʘ. ʇʦʵʪʦʤʫ ʟʘʜʘʯʘ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠ ʪʦʯʥʦʩʪʠ ʜʠʘʛʥʦʩʪʠʢʠ ʩʦʩʪʦʷʥʠʷ ʠʟʦʣʷʮʠʠ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʘʢʪʫʘʣʴʥʦʡ. ɺ ʧʦʣʥʦʡ ʤʝʨʝ 

ʦʮʝʥʠʪʴ ʨʝʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠʟʦʣʷʮʠʠ ʥʝ ʚʩʝʛʜʘ ʧʦʟʚʦʣʷʶʪ ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ 

ʜʠʘʛʥʦʩʪʠʢʠ, ʦʩʦʙʝʥʥʦ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʨʘʟʚʠʪʠʷ ʜʝʬʝʢʪʦʚ [2].  

ʕʪʦ ʩʦʟʜʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ, ʘ ʪʘʢʞʝ 

ʨʘʟʨʘʙʦʪʢʠ ʢʦʤʧʣʝʢʩʥʳʭ ʤʝʪʦʜʦʚ ʢʦʥʪʨʦʣʷ ʠ ʚʥʝʜʨʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʤʦʥʠʪʦʨʠʥʛʘ. ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʠ ʦʙʦʩʥʦʚʘʥʠʝ ʥʘʧʨʘʚʣʝʥʠʡ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʤʝʪʦʜʦʚ ʜʠʘʛʥʦʩʪʠʢʠ ʩʦʩʪʦʷʥʠʷ ʠʟʦʣʷʮʠʠ ʩʠʣʦʚʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʠʭ ʥʘʜʸʞʥʦʩʪʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʉʠʩʪʝʤʘ ʠʟʦʣʷʮʠʠ ʩʠʣʦʚʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 

ʩʣʫʞʠʪ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ ʤʝʞʜʫ ʪʦʢʦʚʝʜʫʱʠʤʠ ʯʘʩʪʷʤʠ ʠ 

ʟʘʟʝʤʣʝʥʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʘ ʪʘʢʞʝ ʤʝʞʜʫ ʦʙʤʦʪʢʘʤʠ ʨʘʟʣʠʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ. ɻʣʘʚʥʳʝ 

ʢʦʤʧʦʥʝʥʪʳ ʠʟʦʣʷʮʠʠ - ɻ ʪʦ ʮʝʣʣʶʣʦʟʥʳʝ ʤʘʪʝʨʠʘʣʳ (ʵʣʝʢʪʨʦʠʟʦʣʷʮʠʦʥʥʘʷ ʙʫʤʘʛʘ, ʢʘʨʪʦʥ) ʠ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʝ ʤʘʩʣʦ. ʉʪʘʨʝʥʠʝ ʠʟʦʣʷʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʧʦʜ ʚʣʠʷʥʠʝʤ ʪʘʢʠʭ ʬʘʢʪʦʨʦʚ ʢʘʢ 

ʪʝʧʣʦʚʳʝ ʥʘʛʨʫʟʢʠ (ʧʨʠʚʦʜʷʱʠʝ ʢ ʪʝʨʤʠʯʝʩʢʦʤʫ ʨʘʟʨʫʰʝʥʠʶ ʮʝʣʣʶʣʦʟʳ); ʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʧʝʨʝʥʘʧʨʷʞʝʥʠʷ (ʚʳʟʳʚʘʶʱʠʝ ʯʘʩʪʠʯʥʳʝ ʨʘʟʨʷʜʳ); ʚʣʘʛʘ (ʩʥʠʞʘʶʱʘʷ ʵʣʝʢʪʨʠʯʝʩʢʫʶ 

ʧʨʦʯʥʦʩʪʴ ʠʟʦʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ); ʦʢʠʩʣʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ (ʫʭʫʜʰʘʶʱʠʝ ʩʚʦʡʩʪʚʘ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʛʦ ʤʘʩʣʘ); ʤʝʭʘʥʠʯʝʩʢʠʝ ʚʦʟʜʝʡʩʪʚʠʷ (ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʢʦʨʦʪʢʠʭ 

ʟʘʤʳʢʘʥʠʷʭ). ɺʦʟʜʝʡʩʪʚʠʝ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ, 

ʫʚʝʣʠʯʝʥʠʶ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʠ ʫʩʢʦʨʝʥʥʦʤʫ ʩʪʘʨʝʥʠʶ ʠʟʦʣʷʮʠʠ. 

ɺ ʮʝʣʷʭ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʠʟʦʣʷʮʠʠ ʩʠʣʦʚʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ. ʂ ʪʨʘʜʠʮʠʦʥʥʳʤ ʤʝʪʦʜʘʤ ʜʠʘʛʥʦʩʪʠʢʠ ʦʪʥʦʩʷʪʩʷ ʪʘʢʠʝ ʢʘʢ 

ʠʟʤʝʨʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠʟʦʣʷʮʠʠ, ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʘʙʩʦʨʙʮʠʠ ʠ ʧʦʣʷʨʠʟʘʮʠʠ, 

ʠʟʤʝʨʝʥʠʝ ʪʘʥʛʝʥʩʘ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ, ʠʩʧʳʪʘʥʠʷ ʧʦʚʳʰʝʥʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ [3]. 

ʆʯʝʥʴ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣ ʤʝʪʦʜ ʘʥʘʣʠʟʘ ʨʘʩʪʚʦʨʸʥʥʳʭ ʛʘʟʦʚ ʚ ʤʘʩʣʝ, 

ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʣʷʪʴ ʜʝʬʝʢʪʳ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠ ʪʝʧʣʦʚʦʛʦ ʭʘʨʘʢʪʝʨʘ ʥʘ ʨʘʥʥʠʭ 

ʩʪʘʜʠʷʭ.  ʂʦʥʮʝʥʪʨʘʮʠʷ ʠ ʥʘʣʠʯʠʝ ʦʧʨʝʜʝʣʸʥʥʳʭ ʛʘʟʦʚ   ʩʣʫʞʘʪ ʠʥʜʠʢʘʪʦʨʘʤʠ ʨʘʟʚʠʚʘʶʱʠʭʩʷ 

ʧʦʚʨʝʞʜʝʥʠʡ ʠʟʦʣʷʮʠʠ. 

ʉʦʚʨʝʤʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʜʠʘʛʥʦʩʪʠʢʠ ʷʚʣʷʝʪʩʷ   ʪʝʧʣʦʚʠʟʠʦʥʥʳʡ ʢʦʥʪʨʦʣʴ, ʨʝʛʠʩʪʨʘʮʠʷ 

ʠ ʘʥʘʣʠʟ ʯʘʩʪʠʯʥʳʭ ʨʘʟʨʷʜʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʥʝʧʨʝʨʳʚʥʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ, ʧʨʠʤʝʥʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʜʠʘʛʥʦʩʪʠʢʠ ʩʦʩʪʦʷʥʠʷ ʠʟʦʣʷʮʠʠ 

ʩʠʣʦʚʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʩʚʷʟʘʥʦ ʩ ʧʝʨʝʭʦʜʦʤ ʦʪ ʨʘʟʨʦʟʥʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʢ ʢʦʤʧʣʝʢʩʥʦʡ 

ʦʮʝʥʢʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʠʥʪʝʛʨʘʮʠʷ 

ʥʝʩʢʦʣʴʢʠʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʚ ʝʜʠʥʫʶ ʩʠʩʪʝʤʫ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ 

ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʚʳʚʦʜʦʚ ʠ ʩʥʠʟʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʦʯʥʦʡ ʦʮʝʥʢʠ [4]. 

ʅʘʨʷʜʫ ʩ ʵʪʠʤ, ʚʥʝʜʨʝʥʠʝ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʥʝʧʨʝʨʳʚʥʦʛʦ ʢʦʥʪʨʦʣʷ ʧʘʨʘʤʝʪʨʦʚ ʠʟʦʣʷʮʠʠ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ.  ʊʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʘʣʛʦʨʠʪʤʦʚ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʚʳʷʚʣʷʪʴ ʜʝʬʝʢʪʳ, ʥʦ ʠ 

ʦʮʝʥʠʚʘʪʴ ʦʩʪʘʪʦʯʥʳʡ ʨʝʩʫʨʩ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. ɸʥʘʣʠʟ ʦʩʥʦʚ ʜʠʘʛʥʦʩʪʠʢʠ ʩʦʩʪʦʷʥʠʷ ʠʟʦʣʷʮʠʠ 

ʧʦ ʂʳʨʛʳʟʩʪʘʥʫ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʧʦʜʭʦʜʘ, 

ʢʦʪʦʨʳʡ ʥʘʧʨʘʚʣʝʥ ʥʘ ʧʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʠʣʦʚʳʭ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʢʦʤʧʘʥʠʠ ʂʳʨʛʳʟʩʪʘʥʘ ʘʢʪʠʚʥʦ ʨʘʙʦʪʘʶʪ 
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ʥʘʜ ʤʦʜʝʨʥʠʟʘʮʠʝʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʛʦ ʧʘʨʢʘ. ʅʘʧʨʠʤʝʨ, ʅʘʮʠʦʥʘʣʴʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʝʪʴ 

ʂʳʨʛʳʟʩʪʘʥʘ (ʅʕʉʂ) ʧʣʘʥʠʨʫʝʪ ʫʩʪʘʥʦʚʠʪʴ ʠ ʦʙʥʦʚʠʪʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʠʣʦʚʳʭ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʥʘ ʧʦʜʩʪʘʥʮʠʷʭ ʧʦ ʚʩʝʡ ʩʪʨʘʥʝ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʠ 

ʧʦʚʳʰʝʥʠʷ ʥʘʜʸʞʥʦʩʪʠ ʩʝʪʠ. ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʯʘʩʪʴ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʫʩʪʘʨʝʣʘ ʠʣʠ ʪʨʝʙʫʝʪ ʦʙʥʦʚʣʝʥʠʷ, ʯʪʦ ʪʘʢʞʝ ʢʘʩʘʝʪʩʷ ʠʟʦʣʷʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. ʂʨʦʤʝ ʪʦʛʦ, 

ʅʕʉʂ ʫʞʝ ʟʘʤʝʥʠʣʘ ʩʠʣʦʚʳʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ ʥʘ ʨʷʜʝ ʧʦʜʩʪʘʥʮʠʡ, ʧʦʚʳʰʘʷ ʠʭ ʤʦʱʥʦʩʪʴ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʫʶ ʥʘʜʸʞʥʦʩʪʴ [5].  

ɺ ʂʳʨʛʳʟʩʪʘʥʝ ʧʨʠʤʝʥʷʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʜʠʘʛʥʦʩʪʠʢʝ ʩʠʣʦʚʳʭ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ, ʥʘʧʨʠʤʝʨ, ʥʘ ʊʦʢʪʦʛʫʣʴʩʢʦʡ ɻʕʉ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʠ ʚʥʝʜʨʝʥʘ ʩʠʩʪʝʤʘ 

ʤʦʥʠʪʦʨʠʥʛʘ ʨʘʩʪʚʦʨʸʥʥʳʭ ʛʘʟʦʚ TRANSFIX, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʥʝʧʨʝʨʳʚʥʳʡ 

ʘʥʘʣʠʟ ʛʘʟʦʚ ʚ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʤ ʤʘʩʣʝ ʠ ʫʨʦʚʝʥʴ ʚʣʘʞʥʦʩʪʠ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʤʝʪʦʜʦʤ 

ʜʠʘʛʥʦʩʪʠʢʠ ʩʦʩʪʦʷʥʠʷ ʠʟʦʣʷʮʠʠ. ʊʘʢʘʷ ʩʠʩʪʝʤʘ ʨʘʙʦʪʘʝʪ ʚ ʨʝʞʠʤʝ ʦʥʣʘʡʥ ʠ ʧʦʤʦʛʘʝʪ 

ʩʚʦʝʚʨʝʤʝʥʥʦ ʚʳʷʚʣʷʪʴ ʨʘʟʚʠʚʘʶʱʠʝʩʷ ʜʝʬʝʢʪʳ ʠʟʦʣʷʮʠʠ ʠ ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʘʚʘʨʠʠ.  

ɺ ʥʘʫʯʥʳʭ ʨʘʙʦʪʘʭ ʂʳʨʛʳʟʩʪʘʥʘ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʝʪʦʜʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʜʠʘʛʥʦʩʪʠʢʠ ʠ 

ʫʜʘʣʸʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʙʝʟ ʚʳʚʦʜʘ ʠʭ ʠʟ 

ʵʢʩʧʣʫʘʪʘʮʠʠ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʦʧʝʨʘʪʠʚʥʦʩʪʴ ʠ ʩʥʠʞʘʝʪ ʟʘʪʨʘʪʳ ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ.  

ʅʝʩʤʦʪʨʷ ʥʘ ʤʦʜʝʨʥʠʟʘʮʠʶ, ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚʩʸ ʝʱʸ ʯʘʩʪʦ ʚ ʂʳʨʛʳʟʩʪʘʥʝ 

ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʠʟʤʝʨʝʥʠʷʤʠ (ʥʘʧʨʠʤʝʨ, ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʠʟʦʣʷʮʠʠ ʧʨʠ 

ʦʪʢʣʶʯʝʥʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ). ʆʪʯʸʪʳ ʫʢʘʟʳʚʘʶʪ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ 

ʤʦʛʣʘ ʫʞʝ ʚʳʨʘʙʦʪʘʪʴ ʩʚʦʡ ʨʝʩʫʨʩ, ʥʦ ʟʘʤʝʥʝ ʤʝʰʘʶʪ ʦʛʨʘʥʠʯʝʥʥʳʝ ʬʠʥʘʥʩʦʚʳʝ ʨʝʩʫʨʩʳ 

ʵʥʝʨʛʦʢʦʤʧʘʥʠʡ, ʯʪʦ ʪʘʢʞʝ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʩʚʦʝʚʨʝʤʝʥʥʦʡ ʜʠʘʛʥʦʩʪʠʢʝ ʠ ʦʙʥʦʚʣʝʥʠʠ 

ʠʟʦʣʷʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʚʥʝʜʨʷʶʪʩʷ ʥʝ ʧʦʚʩʝʤʝʩʪʥʦ, 

ʠ ʤʥʦʛʠʝ ʧʦʜʩʪʘʥʮʠʠ ʜʦ ʩʠʭ ʧʦʨ ʦʧʠʨʘʶʪʩʷ ʥʘ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʧʨʦʚʝʨʢʠ, ʯʪʦ ʩʥʠʞʘʝʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ ʨʘʥʥʠʭ ʜʝʬʝʢʪʦʚ ʠʟʦʣʷʮʠʠ. 

ʉʦʩʪʦʷʥʠʝ ʠʟʦʣʷʮʠʠ ʩʠʣʦʚʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʚ ʂʳʨʛʳʟʩʪʘʥʝ  ʤʦʞʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ 

ʩʣʝʜʫʶʱʠʤʠ ʪʝʥʜʝʥʮʠʷʤʠ: 

1. ʄʦʜʝʨʥʠʟʘʮʠʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʛʦ ʧʘʨʢʘ ʠʜʸʪ ʟʘ ʩʯʸʪ ʟʘʤʝʥʳ ʫʩʪʘʨʝʚʰʝʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʥʦʚʳʭ ʦʙʲʝʢʪʘʭ.  

2. ʈʘʩʰʠʨʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ, 

ʚʢʣʶʯʘʷ ʘʥʘʣʠʟ ʨʘʩʪʚʦʨʸʥʥʳʭ ʛʘʟʦʚ ʚ ʤʘʩʣʝ, ʯʪʦ ʫʣʫʯʰʘʝʪ ʚʳʷʚʣʝʥʠʝ ʜʝʬʝʢʪʦʚ ʠʟʦʣʷʮʠʠ. 

3. ɺʦʧʨʦʩʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʥʝʧʨʝʨʳʚʥʦʛʦ ʢʦʥʪʨʦʣʷ ʘʢʪʠʚʥʦ ʠʩʩʣʝʜʫʶʪʩʷ 

ʚ ʥʘʫʯʥʦʡ ʩʨʝʜʝ ʠ ʧʠʣʦʪʥʦ ʚʥʝʜʨʷʶʪʩʷ ʥʘ ʢʨʫʧʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʦʙʲʝʢʪʘʭ. 

4. ʆʜʥʘʢʦ ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʳʝ ʦʥʣʘʡʥ-ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʝʱʸ ʥʝ ʦʭʚʘʪʳʚʘʶʪ ʚʝʩʴ 

ʧʘʨʢ ʩʠʣʦʚʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ, ʘ ʬʠʥʘʥʩʦʚʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʟʘʤʝʜʣʷʶʪ ʦʙʥʦʚʣʝʥʠʝ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʜʠʘʛʥʦʩʪʠʢʫ ʧʦ ʩʦʚʨʝʤʝʥʥʳʤ ʤʝʪʦʜʠʢʘʤ. 

ɺ ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʝʪʦʜʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʜʠʘʛʥʦʩʪʠʢʠ ʩʦʩʪʦʷʥʠʷ ʠʟʦʣʷʮʠʠ ʩʠʣʦʚʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ.  

 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʭʦʜʝ ʧʨʦʚʝʜʸʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ: 

1. ɺʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʜʠʘʛʥʦʩʪʠʢʠ ʩʦʩʪʦʷʥʠʷ ʠʟʦʣʷʮʠʠ ʩʠʣʦʚʳʭ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ, ʚʳʷʚʣʝʥʳ ʠʭ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʦʛʨʘʥʠʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʦʙʣʘʩʪʠ ʥʘʠʙʦʣʴʰʝʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ. 

2. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʪʜʝʣʴʥʳʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʥʝ ʚʩʝʛʜʘ 

ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʦʚʝʨʥʦ ʦʮʝʥʠʪʴ ʩʦʩʪʦʷʥʠʝ ʠʟʦʣʷʮʠʠ, ʦʩʦʙʝʥʥʦ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʨʘʟʚʠʪʠʷ 

ʜʝʬʝʢʪʦʚ. 
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3. ʇʦʜʪʚʝʨʞʜʝʥʘ ʚʳʩʦʢʘʷ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʨʘʩʪʚʦʨʸʥʥʳʭ ʛʘʟʦʚ ʚ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʤ ʤʘʩʣʝ ʠ ʨʝʛʠʩʪʨʘʮʠʠ ʯʘʩʪʠʯʥʳʭ ʨʘʟʨʷʜʦʚ ʧʨʠ ʚʳʷʚʣʝʥʠʠ ʩʢʨʳʪʳʭ 

ʜʝʬʝʢʪʦʚ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠ ʪʝʧʣʦʚʦʛʦ ʭʘʨʘʢʪʝʨʘ. 

4. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʤʧʣʝʢʩʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ, ʛʘʟʦʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠ 

ʨʘʟʨʷʜʥʳʭ ʤʝʪʦʜʦʚ ʧʦʚʳʰʘʝʪ ʪʦʯʥʦʩʪʴ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʩʥʠʞʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʦʯʥʦʡ 

ʦʮʝʥʢʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠʟʦʣʷʮʠʠ. 

5. ʈʘʟʨʘʙʦʪʘʥʳ ʠ ʦʙʦʩʥʦʚʘʥʳ ʥʘʧʨʘʚʣʝʥʠʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʤʝʪʦʜʦʚ ʜʠʘʛʥʦʩʪʠʢʠ, 

ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʥʪʝʛʨʘʮʠʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʠ ʠʭ ʩʦʚʤʝʩʪʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ. 

6. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʥʝʜʨʝʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʠ ʦʥʣʘʡʥ-ʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ 

ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʥʝʧʨʝʨʳʚʥʳʡ ʢʦʥʪʨʦʣʴ ʩʦʩʪʦʷʥʠʷ ʠʟʦʣʷʮʠʠ ʠ ʧʦʚʳʩʠʪʴ ʥʘʜʸʞʥʦʩʪʴ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʠʣʦʚʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʦʩʪʦʷʥʠʝ ʠʟʦʣʷʮʠʠ ʩʠʣʦʚʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʦʧʨʝʜʝʣʷʶʱʠʭ ʬʘʢʪʦʨʦʚ ʠʭ ʥʘʜʝʞʥʦʡ ʠ ʙʝʟʦʧʘʩʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʉʠʣʦʚʳʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ, 

ʙʫʜʫʯʠ ʜʦʨʦʛʦʩʪʦʷʱʠʤʠ ʠʟʜʝʣʠʷʤʠ, ʪʨʝʙʫʶʪ ʪʱʘʪʝʣʴʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʡ 

ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʨʳʥʦʯʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ 

ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʷʪʴ ʭʦʨʦʰʦ ʦʪʣʘʞʝʥʥʫʶ ʩʠʩʪʝʤʫ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʦ 

ʚʨʝʤʝʥʠ ʠ ʢʦʥʩʝʨʚʘʪʠʚʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ ʟʘʤʝʥʳ. ʊʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʧʦ ʩʦʩʪʦʷʥʠʶ ʠ 

ʦʥʣʘʡʥ-ʤʦʥʠʪʦʨʠʥʛ ʧʨʠʦʙʨʝʪʘʶʪ ʚʩʝ ʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ 

ʤʥʦʞʝʩʪʚʦ ʭʠʤʠʯʝʩʢʠʭ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʜʠʘʛʥʦʩʪʠʢʠ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ 

ʠʟʦʣʷʮʠʠ ʩʠʣʦʚʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ. ɸʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʜʠʘʛʥʦʩʪʠʢʠ ʧʦʢʘʟʘʣ, 

ʯʪʦ ʪʨʘʜʠʮʠʦʥʥʳʝ ʩʧʦʩʦʙʳ ʢʦʥʪʨʦʣʷ ʥʝ ʚʩʝʛʜʘ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʚʦʝʚʨʝʤʝʥʥʦʝ ʚʳʷʚʣʝʥʠʝ 

ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʜʝʬʝʢʪʦʚ, ʦʩʦʙʝʥʥʦ ʥʘ ʥʘʯʘʣʴʥʳʭ ʩʪʘʜʠʷʭ ʩʪʘʨʝʥʠʷ ʠʟʦʣʷʮʠʠ. ʆʙʦʩʥʦʚʘʥʘ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʜʠʘʛʥʦʩʪʠʢʝ, ʢʦʪʦʨʳʡ ʦʩʥʦʚʘʥ ʥʘ 

ʩʦʚʤʝʩʪʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ, ʛʘʟʦʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠ ʤʝʪʦʜʦʚ ʨʝʛʠʩʪʨʘʮʠʠ 

ʯʘʩʪʠʯʥʳʭ ʨʘʟʨʷʜʦʚ. ʈʷʜ ʤʝʪʦʜʦʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʧʨʠʦʙʨʝʣ ʠʩʢʣʶʯʠʪʝʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ʜʣʷ ʩʧʝʮʠʘʣʠʩʪʦʚ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʢʦʤʧʘʥʠʡ. ʉʨʝʜʠ ʵʪʠʭ ʤʝʪʦʜʦʚ ʥʘʠʙʦʣʝʝ 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʠʟʤʝʨʝʥʠʝ ʪʦʢʘ ʧʦʣʷʨʠʟʘʮʠʠ/ʜʝʧʦʣʷʨʠʟʘʮʠʠ, ʠʟʤʝʨʝʥʠʝ ʦʙʨʘʪʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ ʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʚ ʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ ʥʘ ʥʠʟʢʠʭ ʯʘʩʪʦʪʘʭ. 

ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʧʨʦʮʝʜʫʨ ʠ 

ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʦʮʝʥʢʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠʟʦʣʷʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʚʥʝʜʨʝʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʝʨʝʭʦʜʫ ʦʪ 

ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʢ ʥʝʧʨʝʨʳʚʥʦʤʫ ʥʘʙʣʶʜʝʥʠʶ ʟʘ ʩʦʩʪʦʷʥʠʝʤ ʠʟʦʣʷʮʠʠ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʥʥʝʝ ʚʳʷʚʣʝʥʠʝ ʜʝʬʝʢʪʦʚ ʠ ʩʥʠʞʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʠ ʘʚʘʨʠʡʥʳʭ ʦʪʢʘʟʦʚ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʠʩʪʝʤ 

ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʠʣʦʚʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʚ 

ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ. ʄʦʥʠʪʦʨʠʥʛ ʩʦʩʪʦʷʥʠʷ ʠʟʦʣʷʮʠʠ ʩʠʣʦʚʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ 

ʜʦʣʞʝʥ ʙʳʪʴ ʩʦʩʨʝʜʦʪʦʯʝʥ ʥʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʩʥʠʞʝʥʠʷ ʟʘʧʘʩʘ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʣʘʛʠ, ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʤʘʩʣʘ, 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʯʘʩʪʠʮ, ʩʪʘʨʝʥʠʷ ʙʫʤʘʞʥʦʡ ʠʟʦʣʷʮʠʠ ʠ ʘʢʪʠʚʥʦʩʪʠ ʯʘʩʪʠʯʥʳʭ ʨʘʟʨʷʜʦʚ. ʅʘ 

ʦʩʥʦʚʝ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʦʧʳʪʘ ʦʙʩʫʞʜʘʶʪʩʷ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʤʦʜʝʣʴ ʦʪʢʘʟʘ ʠʟʦʣʷʮʠʠ ʩʠʣʦʚʦʛʦ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʠ ʚʦʟʤʦʞʥʳʝ ʵʬʬʝʢʪʠʚʥʳʝ ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʠʟʦʣʷʮʠʠ. 
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ɸʥʥʦʪʘʮʠʷ. ʇʨʝʜʩʪʘʚʣʝʥ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʡ ʦʙʟʦʨ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠʥʪʝʛʨʘʮʠʠ 

ʤʝʩʩʝʥʜʞʝʨʦʚ Telegram ʠ ʩʦʮʠʘʣʴʥʦʡ ʩʝʪʠ çɺʂʦʥʪʘʢʪʝè ʚ ʢʦʨʧʦʨʘʪʠʚʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ 

ʩʠʩʪʝʤʳ ʩ ʮʝʣʴʶ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʣʶʯʝʚʳʝ ʢʦʤʧʦʥʝʥʪʳ 

ʘʨʭʠʪʝʢʪʫʨʳ ʠʥʪʝʛʨʘʮʠʦʥʥʳʭ ʨʝʰʝʥʠʡ, ʚʢʣʶʯʘʷ ʦʬʠʮʠʘʣʴʥʳʝ Application Programming 

Interface ʧʣʘʪʬʦʨʤ, middleware-ʘʜʘʧʪʝʨʳ, ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘʤʠ ʠ 

ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ 

ʠʩʪʦʨʠʯʝʩʢʠʝ ʵʪʘʧʳ ʵʚʦʣʶʮʠʠ ð ʦʪ ʧʝʨʚʳʭ FAQ-ʙʦʪʦʚ ʜʦ ʩʦʚʨʝʤʝʥʥʳʭ ʛʠʙʨʠʜʥʳʭ ʯʘʪ-

ʧʣʘʪʬʦʨʤ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʘʤ (ʩʥʠʞʝʥʠʝ ʥʘʛʨʫʟʢʠ ʥʘ 

ʧʦʜʜʝʨʞʢʫ, ʧʦʚʳʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ, ʫʜʦʙʩʪʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ), ʘ ʪʘʢʞʝ ʚʳʟʦʚʘʤ, 

ʩʚʷʟʘʥʥʳʤ ʩ ʙʝʟʦʧʘʩʥʦʩʪʴʶ ʜʘʥʥʳʭ, ʬʨʘʛʤʝʥʪʘʮʠʝʡ ʢʘʥʘʣʦʚ ʠ ʦʪʩʫʪʩʪʚʠʝʤ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʩʪʘʥʜʘʨʪʦʚ. ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʠ ʨʳʥʦʯʥʳʭ ʢʝʡʩʦʚ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ 

ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ, ʚʢʣʶʯʘʷ ʩʦʟʜʘʥʠʝ ʝʜʠʥʦʡ ʙʦʪ-ʧʣʘʪʬʦʨʤʳ, ʠʥʪʝʛʨʘʮʠʶ 

ʩ ERP/CRM-ʩʠʩʪʝʤʘʤʠ ʠ ʧʨʠʤʝʥʝʥʠʝ ʛʝʥʝʨʘʪʠʚʥʦʛʦ ʀʀ. 

 

Abstract. The article presents a systematic review of the integration capabilities of Telegram 

and VKontakte into corporate information systems to automate business processes. Key components 

of integration architectures are examined, including official platform Application Programming 

Interface, middleware adapters, business process management systems, and artificial intelligence for 

natural language processing. Historical stages of evolution are analyzed ð from early FAQ bots to 

modern hybrid chat platforms. Special attention is paid to functional benefits (reduced support load, 

faster response times, user-friendly interaction) as well as challenges related to data security, channel 

fragmentation, and the lack of unified standards. Based on an analysis of scientific literature and 

market case studies, prospective development directions are formulated, including the creation of 

unified bot platforms, integration with ERP/CRM systems, and the use of generative AI. 
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ʎʠʬʨʦʚʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʙʠʟʥʝʩʘ ʪʨʝʙʫʝʪ ʥʝ ʪʦʣʴʢʦ ʤʦʜʝʨʥʠʟʘʮʠʠ 

ʚʥʫʪʨʝʥʥʠʭ ʀʊ-ʠʥʬʨʘʩʪʨʫʢʪʫʨ, ʥʦ ʠ ʨʘʩʰʠʨʝʥʠʷ ʚʥʝʰʥʠʭ ʠ ʚʥʫʪʨʝʥʥʠʭ ʢʘʥʘʣʦʚ 

ʢʦʤʤʫʥʠʢʘʮʠʠ. ʇʦʧʫʣʷʨʥʳʝ ʤʝʩʩʝʥʜʞʝʨʳ ʠ ʩʦʮʠʘʣʴʥʳʝ ʩʝʪʠ, ʪʘʢʠʝ ʢʘʢ Telegram ʠ 

çɺʂʦʥʪʘʢʪʝè (VK), ʩʪʘʥʦʚʷʪʩʷ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʡ ʩʨʝʜʦʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʘʢ ʜʣʷ ʢʣʠʝʥʪʦʚ, 

ʪʘʢ ʠ ʜʣʷ ʩʦʪʨʫʜʥʠʢʦʚ. ʇʦ ʜʘʥʥʳʤ Data Insight (2025), ʙʦʣʝʝ 68% ʨʦʩʩʠʡʩʢʠʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ 

ʚʳʙʠʨʘʶʪ ʤʝʩʩʝʥʜʞʝʨʳ ʢʘʢ ʦʩʥʦʚʥʦʡ ʢʘʥʘʣ ʦʙʨʘʱʝʥʠʷ ʚ ʢʦʤʧʘʥʠʠ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ 

ʦʙʫʩʣʦʚʣʝʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʦʚʳʰʝʥʠʷ ʦʧʝʨʘʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʩʥʠʞʝʥʠʷ ʠʟʜʝʨʞʝʢ 

ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʩʰʦʚʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʦʧʳʪʘ ʚ ʟʥʘʢʦʤʦʡ ʮʠʬʨʦʚʦʡ 

ʩʨʝʜʝ.  ʎʝʣʴ ʥʘʩʪʦʷʱʝʛʦ ʦʙʟʦʨʘ ð ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ ʟʥʘʥʠʷ ʦʙ ʠʥʪʝʛʨʘʮʠʠ Telegram ʠ VK 

Application Programming Interface (API) ʚ ʢʦʨʧʦʨʘʪʠʚʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ, 

ʧʨʦʩʣʝʜʠʪʴ ʠʩʪʦʨʠʯʝʩʢʫʶ ʵʚʦʣʶʮʠʶ ʧʦʜʭʦʜʦʚ, ʚʳʷʚʠʪʴ ʢʣʶʯʝʚʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʢʦʤʧʦʥʝʥʪʳ, ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʩʫʱʝʩʪʚʫʶʱʠʝ ʦʛʨʘʥʠʯʝʥʠʷ, ʘ ʪʘʢʞʝ 

ʦʧʨʝʜʝʣʠʪʴ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ ʥʘ ʙʣʠʞʘʡʰʠʝ ʛʦʜʳ [1-3]. 

ʀʩʪʦʨʠʯʝʩʢʘʷ ʵʚʦʣʶʮʠʷ ʠʥʪʝʛʨʘʮʠʠ ʤʝʩʩʝʥʜʞʝʨʦʚ ʚ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʳ 

ʈʘʟʚʠʪʠʝ ʠʥʪʝʛʨʘʮʠʠ ʤʝʩʩʝʥʜʞʝʨʦʚ ʚ ʢʦʨʧʦʨʘʪʠʚʥʫʶ ʩʨʝʜʫ ʧʨʦʰʣʦ ʪʨʠ ʢʣʶʯʝʚʳʭ ʵʪʘʧʘ:   

1. 2015ï2018 ʛʛ. ð ʟʘʨʦʞʜʝʥʠʝ ʯʘʪ-ʙʦʪʦʚ. ʇʦʷʚʣʝʥʠʝ Telegram Bot API (2015) ʠ ʦʪʢʨʳʪʠʝ 

VK API ʜʣʷ ʙʦʪʦʚ ʧʦʟʚʦʣʠʣʦ ʢʦʤʧʘʥʠʷʤ ʩʦʟʜʘʚʘʪʴ ʧʨʦʩʪʳʝ FAQ-ʩʠʩʪʝʤʳ ʠ ʫʚʝʜʦʤʠʪʝʣʴʥʳʝ 

ʩʝʨʚʠʩʳ. ʀʥʪʝʛʨʘʮʠʷ ʙʳʣʘ ʠʟʦʣʠʨʦʚʘʥʥʦʡ ʠ ʥʝ ʩʚʷʟʳʚʘʣʘʩʴ ʩ ʦʩʥʦʚʥʳʤʠ ʀʊ-ʩʠʩʪʝʤʘʤʠ.   

2. 2019ï2022 ʛʛ. ð ʤʘʩʩʦʚʦʝ ʚʥʝʜʨʝʥʠʝ ʠ CRM-ʠʥʪʝʛʨʘʮʠʷ. ɹʠʟʥʝʩ ʥʘʯʘʣ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʤʝʩʩʝʥʜʞʝʨʳ ʢʘʢ ʧʦʣʥʦʮʝʥʥʳʡ ʢʘʥʘʣ ʧʦʜʜʝʨʞʢʠ. ʇʦʷʚʠʣʠʩʴ middleware-ʨʝʰʝʥʠʷ (Chat2Desk, 

Jivo, ManyChat), ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʜʚʫʩʪʦʨʦʥʥʶʶ ʩʠʥʭʨʦʥʠʟʘʮʠʶ ʩ CRM ʠ helpdesk-

ʩʠʩʪʝʤʘʤʠ. 

3. 2023ï2026 ʛʛ. ð ʛʣʫʙʦʢʘʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʠ ʀʀ-ʫʧʨʘʚʣʝʥʠʝ. ʉʦʚʨʝʤʝʥʥʳʝ ʨʝʰʝʥʠʷ 

ʧʦʟʚʦʣʷʶʪ ʥʝ ʪʦʣʴʢʦ ʦʪʚʝʯʘʪʴ ʥʘ ʟʘʧʨʦʩʳ, ʥʦ ʠ ʠʥʠʮʠʠʨʦʚʘʪʴ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʳ: ʩʦʛʣʘʩʦʚʘʥʠʝ 

ʟʘʷʚʦʢ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʟʘʢʘʟʦʚ, ʦʙʥʦʚʣʝʥʠʝ ʩʪʘʪʫʩʦʚ ʟʘʜʘʯ ð ʚʩʸ ʵʪʦ ʥʘʧʨʷʤʫʶ ʯʝʨʝʟ ʜʠʘʣʦʛ ʚ 

Telegram ʠʣʠ VK. ɸʢʪʠʚʥʦ ʧʨʠʤʝʥʷʶʪʩʷ NLP-ʤʦʜʝʣʠ ʠ ʛʝʥʝʨʘʪʠʚʥʳʡ ʀʀ ʜʣʷ ʧʦʥʠʤʘʥʠʷ 

ʢʦʥʪʝʢʩʪʘ ʠ ʛʝʥʝʨʘʮʠʠ ʦʪʚʝʪʦʚ [4-7]. 

ɸʨʭʠʪʝʢʪʫʨʘ ʠ ʢʣʶʯʝʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠʥʪʝʛʨʘʮʠʠ 

ʉʦʚʨʝʤʝʥʥʘʷ ʠʥʪʝʛʨʘʮʠʷ Telegram ʠ VK API ʚ ʢʦʨʧʦʨʘʪʠʚʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ 

ʩʪʨʦʠʪʩʷ ʥʘ ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ ʘʨʭʠʪʝʢʪʫʨʝ:  

1. API-ʩʣʦʡ ð ʦʬʠʮʠʘʣʴʥʳʝ ʠʥʪʝʨʬʝʡʩʳ Telegram Bot API ʠ VK Callback/Long Poll API 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʨʠʸʤ ʠ ʦʪʧʨʘʚʢʫ ʩʦʦʙʱʝʥʠʡ, ʫʧʨʘʚʣʝʥʠʝ ʢʥʦʧʢʘʤʠ, ʤʝʜʠʘ ʠ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʤʠ ʩʝʩʩʠʷʤʠ.   

2. Middleware-ʘʜʘʧʪʝʨ ð ʤʠʢʨʦʩʝʨʚʠʩ ʠʣʠ ESB-ʢʦʤʧʦʥʝʥʪ, ʦʪʚʝʯʘʶʱʠʡ ʟʘ 

ʤʘʨʰʨʫʪʠʟʘʮʠʶ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʜʘʥʥʳʭ, ʘʫʪʝʥʪʠʬʠʢʘʮʠʶ ʠ ʣʦʛʠʨʦʚʘʥʠʝ. 

3. ʉʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘʤʠ ð BPMN-ʜʚʠʞʢʠ (Camunda, Flowable) ʠʣʠ 

ʚʩʪʨʦʝʥʥʳʝ workflow-ʤʝʭʘʥʠʟʤʳ ʚ ERP/CRM (1ʉ, Bitrix24, Salesforce) ʨʝʘʣʠʟʫʶʪ ʣʦʛʠʢʫ 

ʦʙʨʘʙʦʪʢʠ ʦʙʨʘʱʝʥʠʡ. 

4. ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ð ʤʦʜʫʣʠ NLP (Yandex GPT, DeepPavlov, LLM) 

ʢʣʘʩʩʠʬʠʮʠʨʫʶʪ ʥʘʤʝʨʝʥʠʷ, ʠʟʚʣʝʢʘʶʪ ʩʫʱʥʦʩʪʠ ʠ ʛʝʥʝʨʠʨʫʶʪ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʦʪʚʝʪʳ.   
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5. ʇʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ð ʯʘʪ-ʙʦʪʳ ʚ Telegram ʠ VK ʚʳʩʪʫʧʘʶʪ ʚ ʨʦʣʠ front-end, 

ʦʙʝʩʧʝʯʠʚʘʷ ʠʥʪʫʠʪʠʚʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʩʪʘʥʦʚʢʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʧʨʠʣʦʞʝʥʠʡ. 

ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ 

ʆʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠʥʪʝʛʨʘʮʠʠ ʤʦʞʥʦ ʩʛʨʫʧʧʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:   

1. ʇʦʚʳʰʝʥʠʝ ʢʣʠʝʥʪʩʢʦʡ ʣʦʷʣʴʥʦʩʪʠ ð ʟʘ ʩʯʸʪ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʩʝʨʚʠʩʘ ʚ ʧʨʠʚʳʯʥʦʡ 

ʩʨʝʜʝ ʠ ʩʦʢʨʘʱʝʥʠʷ ʚʨʝʤʝʥʠ ʨʝʘʢʮʠʠ (ʜʦ 90% ʟʘʧʨʦʩʦʚ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʤʛʥʦʚʝʥʥʦ).   

2. ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʨʫʪʠʥʥʳʭ ʦʧʝʨʘʮʠʡ ð ʦʙʨʘʙʦʪʢʘ ʟʘʷʚʦʢ, ʨʝʛʠʩʪʨʘʮʠʷ ʠʥʮʠʜʝʥʪʦʚ, 

ʦʧʨʦʩʳ ʫʜʦʚʣʝʪʚʦʨʸʥʥʦʩʪʠ, ʫʚʝʜʦʤʣʝʥʠʷ ʦ ʩʪʘʪʫʩʘʭ.   

3. ʆʧʪʠʤʠʟʘʮʠʷ ʚʥʫʪʨʝʥʥʠʭ ʧʨʦʮʝʩʩʦʚ ð ʩʦʛʣʘʩʦʚʘʥʠʝ ʜʦʢʫʤʝʥʪʦʚ, ʢʦʥʪʨʦʣʴ 

ʠʩʧʦʣʥʝʥʠʷ ʟʘʜʘʯ, ʦʧʦʚʝʱʝʥʠʷ ʚ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʯʘʪʘʭ.   

4. ʉʥʠʞʝʥʠʝ ʥʘʛʨʫʟʢʠ ʥʘ call-ʮʝʥʪʨʳ ð ʜʦ 40% ʦʙʨʘʱʝʥʠʡ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʥʦʩʪʴʶ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʳ.   

5. ɻʠʙʢʦʩʪʴ ʠ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ð ʥʦʚʳʝ ʢʘʥʘʣʳ ʠ ʩʮʝʥʘʨʠʠ ʜʦʙʘʚʣʷʶʪʩʷ ʙʝʟ 

ʠʟʤʝʥʝʥʠʷ ʷʜʨʘ ʂʀʉ. 

ʇʨʦʙʣʝʤʳ ʠ ʚʳʟʦʚʳ 

ʅʝʩʤʦʪʨʷ ʥʘ ʦʯʝʚʠʜʥʳʝ ʚʳʛʦʜʳ, ʚʥʝʜʨʝʥʠʝ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʨʷʜʦʤ ʙʘʨʴʝʨʦʚ:   

1. ʆʛʨʘʥʠʯʝʥʠʷ API ð ʣʠʤʠʪʳ ʥʘ ʟʘʧʨʦʩʳ, ʟʘʜʝʨʞʢʠ ʜʦʩʪʘʚʢʠ, ʦʪʩʫʪʩʪʚʠʝ ʧʦʜʜʝʨʞʢʠ 

ʩʣʦʞʥʳʭ UI-ɻ ʣʝʤʝʥʪʦʚ.   

2. ʂʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʟʘʱʠʪʘ ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭ ð ʧʝʨʝʜʘʯʘ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʯʝʨʝʟ ʩʪʦʨʦʥʥʠʝ ʧʣʘʪʬʦʨʤʳ ʪʨʝʙʫʝʪ ʰʠʬʨʦʚʘʥʠʷ, ʘʫʜʠʪʘ ʠ ʩʦʙʣʶʜʝʥʠʷ ʌɿ-152 ʠ 

GDPR.   

3. ʌʨʘʛʤʝʥʪʘʮʠʷ ʢʘʥʘʣʦʚ ð ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʜʜʝʨʞʢʠ ʥʝʩʢʦʣʴʢʠʭ ʧʣʘʪʬʦʨʤ 

ʫʚʝʣʠʯʠʚʘʝʪ ʩʣʦʞʥʦʩʪʴ ʘʨʭʠʪʝʢʪʫʨʳ ʠ ʩʪʦʠʤʦʩʪʴ ʩʦʧʨʦʚʦʞʜʝʥʠʷ.   

4. ʆʪʩʫʪʩʪʚʠʝ ʦʪʨʘʩʣʝʚʳʭ ʩʪʘʥʜʘʨʪʦʚ ð ʢʘʞʜʘʷ ʢʦʤʧʘʥʠʷ ʚʳʥʫʞʜʝʥʘ ʨʘʟʨʘʙʘʪʳʚʘʪʴ 

ʩʦʙʩʪʚʝʥʥʳʝ ʘʜʘʧʪʝʨʳ, ʯʪʦ ʟʘʤʝʜʣʷʝʪ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʨʝʰʝʥʠʡ. 

ʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ 

ɸʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʳʥʦʯʥʳʭ ʪʨʝʥʜʦʚ ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ 

ʥʘʧʨʘʚʣʝʥʠʷ:   

1. ʉʦʟʜʘʥʠʝ ʛʠʙʨʠʜʥʳʭ ʯʘʪ-ʙʦʪ-ʧʣʘʪʬʦʨʤ, ʦʙʲʝʜʠʥʷʶʱʠʭ Telegram, VK, WhatsApp ʠ 

ʜʨʫʛʠʝ ʢʘʥʘʣʳ ʚ ʝʜʠʥʫʶ ʪʦʯʢʫ ʫʧʨʘʚʣʝʥʠʷ.   

2. ɻʣʫʙʦʢʘʷ ʠʥʪʝʛʨʘʮʠʷ ʩ ERP ʠ CRM-ʩʠʩʪʝʤʘʤʠ ʥʘ ʫʨʦʚʥʝ ʙʠʟʥʝʩ-ʩʦʙʳʪʠʡ ʠ ʪʨʠʛʛʝʨʦʚ.   

3. ʇʨʠʤʝʥʝʥʠʝ ʛʝʥʝʨʘʪʠʚʥʦʛʦ ʀʀ ʜʣʷ ʧʨʝʜʠʢʪʠʚʥʦʡ ʧʦʜʜʝʨʞʢʠ ð ʙʦʪ ʧʨʝʜʣʘʛʘʝʪ 

ʨʝʰʝʥʠʝ ʜʦ ʬʦʨʤʫʣʠʨʦʚʢʠ ʟʘʧʨʦʩʘ.   

4. ʈʘʟʚʠʪʠʝ low-code/no-code ʨʝʰʝʥʠʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʙʠʟʥʝʩ-ʘʥʘʣʠʪʠʢʘʤ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ 

ʥʘʩʪʨʘʠʚʘʪʴ ʩʮʝʥʘʨʠʠ.   

5. ʉʪʘʥʜʘʨʪʠʟʘʮʠʷ ʧʨʦʪʦʢʦʣʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʚʥʝʰʥʠʤʠ ʤʝʩʩʝʥʜʞʝʨʘʤʠ ʠ 

ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʀʊ-ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ ʥʘ ʫʨʦʚʥʝ ʦʪʨʘʩʣʝʚʳʭ ʘʩʩʦʮʠʘʮʠʡ [8-13 ]. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʀʥʪʝʛʨʘʮʠʷ Telegram ʠ VK API ʚ ʢʦʨʧʦʨʘʪʠʚʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʵʬʬʝʢʪʠʚʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ, ʩʦʯʝʪʘʶʱʠʡ ʫʜʦʙʩʪʚʦ ʜʣʷ 

ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʤʦʱʴ ʩʦʚʨʝʤʝʥʥʳʭ ʀʊ-ʘʨʭʠʪʝʢʪʫʨ. ʊʘʢʠʝ ʨʝʰʝʥʠʷ ʩʧʦʩʦʙʥʳ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʩʢʦʨʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʢʣʶʯʝʚʳʝ ʙʠʟʥʝʩ-

ʧʨʦʮʝʩʩʳ ʠ ʩʥʠʟʠʪʴ ʦʧʝʨʘʮʠʦʥʥʳʝ ʠʟʜʝʨʞʢʠ. ʆʜʥʘʢʦ ʜʣʷ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʥʝʦʙʭʦʜʠʤʦ 

ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʳ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ, ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʩʦʚʤʝʩʪʠʤʦʩʪʠ. ɺ ʙʣʠʞʘʡʰʝʤ ʙʫʜʫʱʝʤ 
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ʤʝʩʩʝʥʜʞʝʨ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʠʥʪʝʨʬʝʡʩʳ ʩʪʘʥʫʪ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʢʦʨʧʦʨʘʪʠʚʥʦʡ 

ʮʠʬʨʦʚʦʡ ʩʨʝʜʳ, ʜʦʧʦʣʥʷʷ ʪʨʘʜʠʮʠʦʥʥʳʝ ʚʝʙ- ʠ ʤʦʙʠʣʴʥʳʝ ʧʨʠʣʦʞʝʥʠʷ. 
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ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʘʤʠ ʜʘʥʥʳʭ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʩʪʨʦʝʥʥʦʛʦ ʤʦʜʫʣʷ SQLite ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Python. ʈʘʙʦʪʘ ʚʢʣʶʯʘʝʪ 

ʘʥʘʣʠʟ ʚʦʟʤʦʞʥʦʩʪʝʡ ʨʝʣʷʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʘʤʠ ʜʘʥʥʳʭ SQLite, ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʝʸ ʧʨʠʤʝʥʝʥʠʷ ʚ ʫʯʝʙʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʝʢʪʘʭ, ʘ ʪʘʢʞʝ ʠʟʫʯʝʥʠʝ ʧʨʠʥʮʠʧʦʚ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ Python-ʧʨʠʣʦʞʝʥʠʡ ʩ ʙʘʟʘʤʠ ʜʘʥʥʳʭ. ɺ ʧʨʘʢʪʠʯʝʩʢʦʡ ʯʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʦʛʨʘʤʤʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʩʦʟʜʘʚʘʪʴ ʙʘʟʫ ʜʘʥʥʳʭ, ʬʦʨʤʠʨʦʚʘʪʴ ʪʘʙʣʠʮʳ, 

ʜʦʙʘʚʣʷʪʴ, ʠʟʤʝʥʷʪʴ, ʫʜʘʣʷʪʴ ʠ ʠʩʢʘʪʴ ʟʘʧʠʩʠ. ʊʘʢ ʞʝ ʨʝʘʣʠʟʦʚʘʥ ʧʨʠʤʝʨ ʩʠʩʪʝʤʳ ʫʯʸʪʘ 

ʩʪʫʜʝʥʪʦʚ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʡ ʦʩʥʦʚʥʳʝ ʦʧʝʨʘʮʠʠ ʨʘʙʦʪʳ ʩ ʜʘʥʥʳʤʠ. ʇʨʦʚʝʜʝʥʦ 

ʪʝʩʪʠʨʦʚʘʥʠʝ ʩʦʟʜʘʥʥʳʭ ʬʫʥʢʮʠʡ ʠ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦʙ ʠʭ ʢʦʨʨʝʢʪʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʤʦʜʫʣʴ sqlite3 ʷʚʣʷʝʪʩʷ ʫʜʦʙʥʳʤ ʠ ʜʦʩʪʫʧʥʳʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʣʦʢʘʣʴʥʳʭ ʙʘʟ ʜʘʥʥʳʭ, ʘ ʩʦʯʝʪʘʥʠʝ Python ʠ SQLite ʧʦʜʭʦʜʠʪ 

ʢʘʢ ʜʣʷ ʦʙʫʯʝʥʠʷ, ʪʘʢ ʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʝʙʦʣʴʰʠʭ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʠʣʦʞʝʥʠʡ. 

 

Abstract. Process of creating and managing a database using the SQLite built-in Python 

programming language module is considered. The work includes an analysis of the capabilities of the 

SQLite relational database management system, the features of its application in educational and 

applied projects, as well as the study of the principles of interaction between Python applications and 

databases. In the practical part of the research, a program was developed that allows you to create a 

database, form tables, add, change, delete and search records. A clear or implemented sample system 

for accounting students, demonstrating the basic operations of working with data. Testing of the 

created functions was carried out and a conclusion was made about their correctness and efficiency. 

The research results show that sqlite3 module is a convenient and affordable tool for developing local 

databases, and the combination of Python and SQLite is suitable both for training and for creating 

small software applications. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʘʟʘ ʜʘʥʥʳʭ, ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʘʤʠ ʜʘʥʥʳʭ (ʉʋɹɼ), SQLite. 

 

Keywords: database, Python, SQL, database management system (DBMS), SQLite. 

 

ɺ ʩʦʚʨʝʤʝʥʥʫʶ ʵʧʦʭʫ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ 

ʨʦʣʴ ʚʦ ʤʥʦʛʠʭ ʩʬʝʨʘʭ: ʦʙʨʘʟʦʚʘʥʠʠ, ʙʠʟʥʝʩʝ, ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʠ, ʥʘʫʢʝ ʠ ʜʘʞʝ ʚ ʧʦʚʩʝʜʥʝʚʥʳʭ 
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ʙʳʪʦʚʳʭ ʧʨʠʣʦʞʝʥʠʷʭ. ɼʣʷ ʭʨʘʥʝʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʝʡ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʶʪʩʷ ʙʘʟʳ ʜʘʥʥʳʭ. ɺʣʘʜʝʥʠʝ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʩʦʟʜʘʥʠʷ ʠ ʨʘʙʦʪʳ ʩ ʙʘʟʘʤʠ ʜʘʥʥʳʭ 

ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʢʦʤʧʝʪʝʥʮʠʝʡ ʜʣʷ ʥʘʯʠʥʘʶʱʠʭ ʧʨʦʛʨʘʤʤʠʩʪʦʚ ʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ [1].  

ɹʘʟʘ ʜʘʥʥʳʭ ð ɻʪʦ ʦʨʛʘʥʠʟʦʚʘʥʥʘʷ ʩʪʨʫʢʪʫʨʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʭʨʘʥʝʥʠʷ, ʠʟʤʝʥʝʥʠʷ 

ʠ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʠʥʬʦʨʤʘʮʠʷ ʭʨʘʥʠʪʩʷ ʚ 

ʚʠʜʝ ʨʝʣʷʮʠʦʥʥʳʭ ʙʘʟ ʜʘʥʥʳʭ, ʛʜʝ ʜʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʪʘʙʣʠʮ. ɹʘʟʳ ʜʘʥʥʳʭ ʦʙʳʯʥʦ 

ʩʦʟʜʘʶʪʩʷ ʜʣʷ ʭʨʘʥʝʥʠʷ ʠ ʜʦʩʪʫʧʘ ʢ ʜʘʥʥʳʤ, ʩʦʜʝʨʞʘʱʠʤ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, 

ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠʣʠ ʦʙʣʘʩʪʠ ʨʝʘʣʴʥʦʛʦ ʤʠʨʘ [2]. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʙʘʟ ʜʘʥʥʳʭ: ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʝ ʭʨʘʥʝʥʠʝ ʜʘʥʥʳʭ; ʫʜʦʙʥʳʡ ʜʦʩʪʫʧ; 

ʟʘʱʠʪʘ ʠ ʮʝʣʦʩʪʥʦʩʪʴ ʜʘʥʥʳʭ; ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʟʘʧʨʦʩʦʚ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ 

ʫʜʦʙʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʠʟʫʯʝʥʠʷ ʦʩʥʦʚ ʨʝʣʷʮʠʦʥʥʳʭ ʙʘʟ ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ SQLite ð ʣʸʛʢʘʷ 

ʚʩʪʨʦʝʥʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʘʤʠ ʜʘʥʥʳʭ, ʥʝ ʪʨʝʙʫʶʱʘʷ ʦʪʜʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ. SQLite 

ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʥʘʩʪʦʣʴʥʳʭ ʧʨʦʛʨʘʤʤʘʭ, ʤʦʙʠʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʷʭ, ʚʝʙ-ʩʝʨʚʠʩʘʭ ʠ 

ʫʯʝʙʥʳʭ ʧʨʦʝʢʪʘʭ. ɹʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʧʨʦʩʪʦʪʝ ʠ ʫʜʦʙʩʪʚʫ SQLite ʠʜʝʘʣʴʥʦ ʧʦʜʭʦʜʠʪ ʜʣʷ 

ʦʙʫʯʝʥʠʷ. Python ð ʦʜʠʥ ʠʟ ʩʘʤʳʭ ʧʦʧʫʣʷʨʥʳʭ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʚ ʤʠʨʝ, ʠ ʦʥ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʩʪʨʦʝʥʥʳʡ ʤʦʜʫʣʴ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʙʘʟʘʤʠ ʜʘʥʥʳʭ SQLite. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʩʦʟʜʘʚʘʪʴ ʠ ʫʧʨʘʚʣʷʪʴ ʙʘʟʘʤʠ ʜʘʥʥʳʭ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʙʠʙʣʠʦʪʝʢ, ʯʪʦ ʜʝʣʘʝʪ Python 

ʦʪʣʠʯʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʫʯʝʙʥʳʭ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʦʝʢʪʦʚ. ʉʪʘʥʜʘʨʪʥʳʡ 

ʧʘʢʝʪ python ʚʢʣʶʯʘʝʪ ʙʠʙʣʠʦʪʝʢʫ ʜʣʷ ʨʝʰʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʨʦʙʣʝʤ. ʂʘʯʝʩʪʚʝʥʥʳʝ 

ʙʠʙʣʠʦʪʝʢʠ ʜʣʷ Python ʜʦʩʪʫʧʥʳ ʚ ʠʥʪʝʨʥʝʪʝ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʝʜʤʝʪʥʳʭ ʦʙʣʘʩʪʷʭ: ʠʥʩʪʨʫʤʝʥʪʳ 

ʦʙʨʘʙʦʪʢʠ ʪʝʢʩʪʘ ʠ ʀʥʪʝʨʥʝʪ-ʪʝʭʥʦʣʦʛʠʠ, ʦʙʨʘʙʦʪʢʘ ʠʟʦʙʨʘʞʝʥʠʡ, ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʧʨʠʣʦʞʝʥʠʡ, ʤʝʭʘʥʠʟʤʳ ʜʦʩʪʫʧʘ ʢ ʙʘʟʘʤ ʜʘʥʥʳʭ, ʧʘʢʝʪʳ ʜʣʷ ʥʘʫʯʥʳʭ ʚʳʯʠʩʣʝʥʠʡ, ʧʘʢʝʪʳ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʛʨʘʬʠʯʝʩʢʠʭ ʠʥʪʝʨʬʝʡʩʦʚ ʠ ʪ. ʜ.[3-5]. 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ ̫ ʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʤʦʜʫʣʷ SQLite ʠ ʩʦʟʜʘʥʠʝ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʨʘʙʦʪʳ ʩ ʙʘʟʦʡ ʜʘʥʥʳʭ. 

ʆʩʦʙʝʥʥʦʩʪʠ ʩʠʩʪʝʤʳ SQLite. SQLite ð ɻ ʪʦ ʨʝʣʷʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʘʤʠ 

ʜʘʥʥʳʭ (ʉʋɹɼ), ʦʪʣʠʯʘʶʱʘʷʩʷ ʩʣʝʜʫʶʱʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ: ʙʘʟʘ ʜʘʥʥʳʭ ʭʨʘʥʠʪʩʷ ʚ ʦʜʥʦʤ 

ʬʘʡʣʝ; ʥʝ ʪʨʝʙʫʝʪ ʩʝʨʚʝʨʘ; ʦʯʝʥʴ ʥʝʙʦʣʴʰʘʷ ʧʦ ʨʘʟʤʝʨʫ; ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʤʠ 

ʷʟʳʢʘʤʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ; hʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ Android, iOS ʠ ʚʩʪʨʦʝʥʥʳʭ ʩʠʩʪʝʤʘʭ. 

SQLite ʠʜʝʘʣʴʥʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʫʯʝʙʥʳʭ ʧʨʦʝʢʪʦʚ, ʥʝʙʦʣʴʰʠʭ ʧʨʦʛʨʘʤʤ ʠ ʣʦʢʘʣʴʥʳʭ 

ʧʨʠʣʦʞʝʥʠʡ. ʀʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʜʫʣʴ SQLite ʚ Python. Python ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʩʪʨʦʝʥʥʳʡ 

ʤʦʜʫʣʴ SQLite, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ: ʩʦʟʜʘʚʘʪʴ ʙʘʟʳ ʜʘʥʥʳʭ ʠ ʪʘʙʣʠʮʳ; ʚʳʧʦʣʥʷʪʴ SQL-

ʟʘʧʨʦʩʳ: INSERT, UPDATE, DELETE, SELECT; ʫʧʨʘʚʣʷʪʴ ʧʦʜʢʣʶʯʝʥʠʝʤ ʠ ʪʨʘʥʟʘʢʮʠʷʤʠ; 

ʦʙʨʘʙʘʪʳʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʟʘʧʨʦʩʦʚ [6]. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ. ʅʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʧʨʦʛʨʘʤʤʫ ʥʘ Python, ʢʦʪʦʨʘʷ ʩʦʟʜʘʸʪ ʙʘʟʫ 

ʜʘʥʥʳʭ SQLite ʠ ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʷʪʴ ʩʣʝʜʫʶʱʠʝ ʦʧʝʨʘʮʠʠ: ʩʦʟʜʘʥʠʝ ʪʘʙʣʠʮʳ; ʜʦʙʘʚʣʝʥʠʝ 

ʥʦʚʳʭ ʟʘʧʠʩʝʡ; ʦʪʦʙʨʘʞʝʥʠʝ ʜʘʥʥʳʭ; ʧʦʠʩʢ ʜʘʥʥʳʭ ʧʦ ʫʩʣʦʚʠʶ; ʦʙʥʦʚʣʝʥʠʝ ʟʘʧʠʩʝʡ; 

ʫʜʘʣʝʥʠʝ ʟʘʧʠʩʝʡ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʙʫʜʝʪ ʨʘʟʨʘʙʦʪʘʥʘ ʙʘʟʦʚʘʷ ʩʠʩʪʝʤʘ ʫʯʸʪʘ ʩʪʫʜʝʥʪʦʚ. 

ʉʦʟʜʘʥʠʝ ʙʘʟʳ ʜʘʥʥʳʭ. ʇʨʠʤʝʨ: 

ʉʦʟʜʘʜʠʤ ʪʘʙʣʠʮʫ ñstudentsò, ʩʦʜʝʨʞʘʱʫʶ: 1) ID ð ʫʥʠʢʘʣʴʥʳʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨ, 2) name 

ð ʠʤʷ ʩʪʫʜʝʥʪʘ, 3) age ð ʚʦʟʨʘʩʪ, 4) group_name ð ʫʯʝʙʥʘʷ ʛʨʫʧʧʘ. 

python 

import sqlite3 

conn = sqlite3.connect("students.db") 

cursor = conn.cursor() 
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cursor.execute(""" 

CREATE TABLE IF NOT EXISTS students ( 

    id INTEGER PRIMARY KEY AUTOINCREMENT, 

    name TEXT NOT NULL, 

    age INTEGER, 

    group_name TEXT) 

""") 

conn.commit() 

conn.close() 

ɼʦʙʘʚʣʝʥʠʝ ʜʘʥʥʳʭ 

python 

import sqlite3 

def add_student(name, age, group_name): 

    conn = sqlite3.connect("students.db") 

    cursor = conn.cursor() 

    cursor.execute("INSERT INTO students (name, age, group_name) VALUES (?, ?, ?)",(name, 

age, group_name)) 

    conn.commit() 

    conn.close() 

ɺʳʚʦʜ ʜʘʥʥʳʭ 

python 

def show_students(): 

    conn = sqlite3.connect("students.db") 

    cursor = conn.cursor() 

    cursor.execute("SELECT * FROM students") 

    rows = cursor.fetchall() 

    for row in rows: 

        print(row) 

    conn.close() 

ʇʦʠʩʢ ʧʦ ʠʤʝʥʠ 

python 

def find_student(name): 

    conn = sqlite3.connect("students.db") 

    cursor = conn.cursor() 

    cursor.execute("SELECT * FROM students WHERE name = ?", (name,)) 

    result = cursor.fetchall() 

    conn.close() 

    return result 

ʆʙʥʦʚʣʝʥʠʝ ʟʘʧʠʩʝʡ 

python 

def update_student(id, new_name): 

    conn = sqlite3.connect("students.db") 

    cursor = conn.cursor() 

    cursor.execute("UPDATE students SET name = ? WHERE id = ?", (new_name, id)) 

    conn.commit() 

    conn.close() 

ʋʜʘʣʝʥʠʝ ʟʘʧʠʩʠ 
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python 

def delete_student(id): 

    conn = sqlite3.connect("students.db") 

    cursor = conn.cursor() 

    cursor.execute("DELETE FROM students WHERE id = ?", (id,)) 

    conn.commit() 

    conn.close() 

ʊʝʩʪʠʨʦʚʘʥʠʝ ʧʨʦʛʨʘʤʤʳ. ʇʦʩʣʝ ʟʘʧʫʩʢʘ ʧʨʦʛʨʘʤʤʳ ʥʘ ʵʢʨʘʥʝ ʧʦʷʚʣʷʝʪʩʷ ʬʦʨʤʳ: 

ʨʝʟʫʣʴʪʘʪ ʧʨʦʛʨʘʤʤʳ (ʈʠʩʫʥʦʢ): 

 

 
 

ʈʠʩʫʥʦʢ. ʈʝʟʫʣʴʪʘʪ ʧʨʦʛʨʘʤʤʳ 

 

ɿʘʢʣʶʯʝʥʠʝ 

ɹr ʣʠ ʠʟʫʯʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʙʦʪʳ ʩ SQLite ʠ ʤʦʜʫʣʝʤ ʚ Python. ɹʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ 

ʧʨʦʛʨʘʤʤʥʦʝ ʧʨʠʣʦʞʝʥʠʝ, ʧʦʟʚʦʣʷʶʱʝʝ ʩʦʟʜʘʚʘʪʴ ʙʘʟʫ ʜʘʥʥʳʭ, ʫʧʨʘʚʣʷʪʴ ʪʘʙʣʠʮʘʤʠ ʠ 

ʚʳʧʦʣʥʷʪʴ ʦʩʥʦʚʥʳʝ SQL-ʦʧʝʨʘʮʠʠ. ɺʩʝ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʳ: 1. ʀʟʫʯʝʥʳ ʦʩʥʦʚʳ 

ʨʝʣʷʮʠʦʥʥʳʭ ʙʘʟ ʜʘʥʥʳʭ; 2. ʀʩʩʣʝʜʦʚʘʥʳ ʚʦʟʤʦʞʥʦʩʪʠ SQLite; 3. ʈʘʟʨʘʙʦʪʘʥʳ ʬʫʥʢʮʠʠ ʜʣʷ 

ʜʦʙʘʚʣʝʥʠʷ, ʠʟʤʝʥʝʥʠʷ, ʧʦʠʩʢʘ ʠ ʫʜʘʣʝʥʠʷ ʜʘʥʥʳʭ; 4. ʇʨʦʚʝʜʝʥʦ ʪʝʩʪʠʨʦʚʘʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ 

ʧʨʠʣʦʞʝʥʠʷ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʦʩʥʦʚʦʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʙʦʣʝʝ ʩʣʦʞʥʳʭ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ: ʅʘʧʨʠʤʝʨ  ʫʯʸʪʘ ʪʦʚʘʨʦʚ, ʙʠʙʣʠʦʪʝʢʠ, ʨʘʩʧʠʩʘʥʠʷ, ʞʫʨʥʘʣʘ ʠ 

ʜʨʫʛʠʭ ʧʨʠʣʦʞʝʥʠʡ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. ʂʘʜʳʨʢʫʣʦʚʘ ʅ. ʂ., ɸʣʠʞʘʥʦʚʘ ɻ. ɸ. ʄʘʘʣʳʤʘʪʪʘʨ ʙʘʟʘʩʳʥ ʙʘʰʢʘʨʫʫʥʫʥ ʞʘʥʘ mysql 

ʤʘʘʣʳʤʘʪ ʙʘʟʘʩʳʥ ʙʘʰʢʘʨʫʫ ʩʠʩʪʝʤʘʩʳʥʳʥ ᴇʟʛᴇʯᴇʣװʢʪᴇʨװ // ɺʝʩʪʥʠʢ ɾʘʣʘʣ-ɸʙʘʜʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. 2023. ˉ2(56). P. 360-365. 

2. ʄʘʥʩʫʨʦʚ ʂ. ʊ., ɸʣʝʥʦʚ ɹ. ʄ. ʀʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʤʧʦʥʝʥʪʘ stringgrid ʜʣʷ ʨʘʙʦʪʳ ʩ ʙʘʟʦʡ 

ʜʘʥʥʳʭ // ɺʝʩʪʥʠʢ ɾʘʣʘʣ-ɸʙʘʜʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. 2023. ˉ2(56). ʉ. 365-369. 

3. ʍʝʣʣʤʘʥ ɼ. ʉʪʘʥʜʘʨʪʥʘʷ ʙʠʙʣʠʦʪʝʢʘ Python3: ʩʧʨʘʚʦʯʥʠʢ ʩ ʧʨʠʤʝʨʘʤʠ. ʉʇʙ.: 

ɼʠʘʣʝʢʪʠʢʘ, 2020. 1376 ʩ. 

4. ʉʫʟʠ ʈ. ɸ. ʗʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ PYTHON. ʄ., 2007. 326 ʩ. 

5. ʂʘʜʳʨʢʫʣʦʚʘ ʅ. ʂ., ɾʝʝʥʙʝʢʦʚʘ ʅ. ɹ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʜʫʣʷ sqlite ʜʣʷ ʩʦʟʜʘʥʠʷ ʙʘʟ 

ʜʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ Python // ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ. 2026. ʊ. 12. ˉ1. ʉ. 84-88. 

https://doi.org/10.33619/2414-2948/122/11 



ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ / Bulletin of Science and Practice 

https://www.bulletennauki.ru 

ʊ. 12. ˉ3 2026 

https://doi.org/10.33619/2414-2948/124 

 

 ʊʠʧ ʣʠʮʝʥʟʠʠ CC: Attribution 4.0 International (CC BY 4.0) 176 

6. ʂʘʜʳʨʢʫʣʦʚʘ ʅ. ʂ., ʀʟʘʙʝʢʦʚ ɸ. ɸʥʘʣʠʟ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʉʋɹɼ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʙʘʟʝ 

ʜʘʥʥʳʭ ʚ ʩʨʝʜʝ ɻʀʉ-ʪʝʭʥʦʣʦʛʠʡ // ɺʝʩʪʥʠʢ ɾʘʣʘʣ-ɸʙʘʜʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. 

2019. ˉ1. ʉ. 62-66. 

 

References: 

1. Kadyrkulova, N. K., & Alizhanova, G. A. (2023). Osobennosti upravleniya bazami dannykh 

i sistemy upravleniya bazami dannykh MySQL. Vestnik Zhalal-Abadskogo gosudarstvennogo 

universiteta, (2(56)), 360-365. (in Russian). 

2. Mansurov, K. T., & Alenov, B. M. (2023). Ispol'zovaniya komponenta stringgrid dlya raboty 

s bazoi dannykh. Vestnik Zhalal-Abadskogo gosudarstvennogo universiteta, (2(56)), 365-369. (in 

Kyrgyz). 

3. Khellman, D. (2020). Standartnaya biblioteka Python3: spravochnik s primerami. St. 

Petersburg. (in Russian). 

4. Suzi, R. A. (2007). Yazyk programmirovaniya PYTHON. Moscow. (in Russian). 

5. Kadyrkulova, N., & Zheenbekov, N. (2026). Using the SQLite module to create databases 

with Python. Bulletin of Science and Practice, 12(1), 84-88. (in Russian). 

https://doi.org/10.33619/2414-2948/122/11 

6. Kadyrkulova, N. K., & Izabekov, A. (2019). Analiz effektivnosti SUBD pri razrabotke baze 

dannykh v srede GIS-tekhnologii. Vestnik Zhalal-Abadskogo gosudarstvennogo universiteta, (1), 62-

66. (in Russian). 

 

 

ʇʦʩʪʫʧʠʣʘ ʚ ʨʝʜʘʢʮʠʶ 

19.01.2026 ʛ. 

 ʇʨʠʥʷʪʘ ʢ ʧʫʙʣʠʢʘʮʠʠ 

30.01.2026 ʛ. 

____________________________________________________________________________ 

 

 

ʉʩʳʣʢʘ ʜʣʷ ʮʠʪʠʨʦʚʘʥʠʷ: 

ʂʘʜʳʨʢʫʣʦʚʘ ʅ. ʂ., ɾʝʝʥʙʝʢʦʚʘ ʅ. ɹ. ʉʦʟʜʘʥʠʝ ʠ ʫʧʨʘʚʣʝʥʠʝ ʙʘʟʘʤʠ ʜʘʥʥʳʭ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʩʪʨʦʝʥʥʦʛʦ ʤʦʜʫʣʷ SQLite // ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ. 2026. ʊ. 12. ˉ3. 

ʉ. 172-176. https://doi.org/10.33619/2414-2948/124/20 

 

Cite as (APA): 

Kadyrkulova, N., & Zheenbekov, N. (2026). Creating and Managing Databases Using the Built-

in SQLite Module. Bulletin of Science and Practice, 12(3), 172-176. (in Russian). 

https://doi.org/10.33619/2414-2948/124/20 
  



ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ / Bulletin of Science and Practice 

https://www.bulletennauki.ru 

ʊ. 12. ˉ3 2026 

https://doi.org/10.33619/2414-2948/124 

 

 ʊʠʧ ʣʠʮʝʥʟʠʠ CC: Attribution 4.0 International (CC BY 4.0) 177 

ʋɼʂ 687.1 + 7.057 + 003.071 https://doi.org/10.33619/2414-2948/124/21 

 

ʂʀʈʀʃʃʀʎɸ ʂɸʂ ʉɸʄʆʉʊʆʗʊɽʃʔʅʓʁ ʍʋɼʆɾɽʉʊɺɽʅʅʆ-

ʂʆʅʉʊʈʋʂʊʆʈʉʂʀʁ ʈɽʉʋʈʉ ʉʆɺʈɽʄɽʅʅʆɻʆ ɼʀɿɸʁʅɸ ʂʆʉʊʖʄɸ 

 

Éʂʦʨʦʣʝʚ ɺ. ɸ., ORCID: 0009-0007-2832-8218, ʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 ʠʤ. ɸ. ʅ. ʂʦʩʳʛʠʥʘ (ʊʝʭʥʦʣʦʛʠʠ. ɼʠʟʘʡʥ. ʀʩʢʫʩʩʪʚʦ),  

ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, Vladkorolev57088@gmail.com 

Éʂʦʨʦʙʮʝʚʘ ʅ. ɸ., ORCID: 0000-0001-9895-6761. SPIN-ʢʦʜ: 7268-0201, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ,  

ʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɸ. ʅ. ʂʦʩʳʛʠʥʘ (ʊʝʭʥʦʣʦʛʠʠ. ɼʠʟʘʡʥ. 

ʀʩʢʫʩʩʪʚʦ), ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, rrr-home@yandex.ru 

 

CYRILLIC ALPHABET AS AN INDEPENDENT ARTISTIC  

AND DESIGN RESOURCE FOR MODERN COSTUME DESIGN 

 

ÉKorolev V., ORCID: 0009-0007-2832-8218, Russian State University named after A. Kosygina 

(Technology. Design. Art), Moscow, Russia, Vladkorolev57088@gmail.com 

ÉKorobtseva N., ORCID: 0000-0001-9895-6761, SPIN-code: 7268-0201, Dr. habil., 

Russian State University named after A. Kosygina (Technology. Design. Art),  

Moscow, Russia, rrr-home@yandex.ru 

 

ɸʥʥʦʪʘʮʠʷ. ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʢʠʨʠʣʣʠʮʳ ʢʘʢ ʢʫʣʴʪʫʨʥʦʛʦ ʠ ʧʣʘʩʪʠʯʝʩʢʦʛʦ 
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ʠʜʝʥʪʠʯʥʦʩʪʠ ʚ ʨʦʩʩʠʡʩʢʦʡ ʤʦʜʝ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʦʟʜʘʥʠʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ 

ʭʫʜʦʞʝʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ, ʩʦʦʪʥʦʩʷʱʝʛʦʩʷ ʩ ʪʨʘʜʠʮʠʝʡ ʠ ʮʠʬʨʦʚʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ. 

ʄʝʪʦʜʦʣʦʛʠʯʝʩʢʫʶ ʦʩʥʦʚʫ ʩʦʩʪʘʚʣʷʶʪ ʘʥʘʣʠʟ ʥʘʩʣʝʜʠʷ ʨʫʩʩʢʦʛʦ ʘʚʘʥʛʘʨʜʘ ʠ 

ʢʦʥʩʪʨʫʢʪʠʚʠʟʤʘ, ʩʨʘʚʥʠʪʝʣʴʥʦ-ʚʠʟʫʘʣʴʥʳʡ ʤʝʪʦʜ ʠ ʧʨʦʝʢʪʥʦ-ʭʫʜʦʞʝʩʪʚʝʥʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ. ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʚʳʷʚʠʪʴ ʧʨʠʥʮʠʧʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʙʫʢʚʝʥʥʦʛʦ ʟʥʘʢʘ ʚ 

ʩʪʨʫʢʪʫʨʫ ʢʦʩʪʶʤʘ ʠ ʩʬʦʨʤʠʨʦʚʘʪʴ ʢʦʥʮʝʧʮʠʶ çʧʣʘʩʪʠʯʝʩʢʦʛʦ ʘʣʬʘʚʠʪʘè ʢʘʢ ʤʦʜʝʣʠ 

ʧʨʦʝʢʪʥʦʛʦ ʤʳʰʣʝʥʠʷ. ɺ ʧʨʘʢʪʠʯʝʩʢʦʡ ʯʘʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʘʚʪʦʨʩʢʘʷ ʢʦʣʣʝʢʮʠʷ 

çʂʠʨʠʣʣʠʮʘè, ʜʝʤʦʥʩʪʨʠʨʫʶʱʘʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʛʨʘʬʠʢʠ ʠ ʧʣʘʩʪʠʢʠ ʚ ʧʨʦʮʝʩʩʝ ʩʦʟʜʘʥʠʷ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʠʣʫʵʪʘ. ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʢʠʨʠʣʣʠʮʳ ʢʘʢ 

ʠʥʩʪʨʫʤʝʥʪʘ ʧʨʦʝʢʪʥʦʡ ʢʦʤʧʦʟʠʮʠʠ, ʦʙʲʝʜʠʥʷʶʱʝʛʦ ʠʩʪʦʨʠʯʝʩʢʠʡ ʦʧʳʪ ʠ ʘʢʪʫʘʣʴʥʳʝ 

ʮʠʬʨʦʚʳʝ ʧʨʘʢʪʠʢʠ. ʈʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʢʦʣʣʝʢʮʠʡ, 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ ʢʫʣʴʪʫʨʥʳʡ ʢʦʜ ʈʦʩʩʠʠ ʠ ʨʘʟʚʠʪʠʝ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ digital-

fashion. 

 

Abstract. The article explores the Cyrillic script as a cultural and plastic resource for 

contemporary fashion design. The research examines the potential of the grapheme as both a 

constructive element of form and a carrier of visual rhythm and cultural memory. The relevance of 

the topic is determined by the growing interest in national identity within Russian fashion and the 

need to create an autonomous artistic language that combines tradition with digital technologies. The 

methodological framework includes analysis of Russian avant-garde and constructivist heritage, 

comparative-visual studies, and project-based artistic modeling. The aim of the study is to identify 

the principles of transforming a letter sign into the structure of a garment and to develop the concept 

of a ñplastic alphabetò as a model of design thinking. The practical part presents the authorôs 

collection Kirillica, which demonstrates the interaction of graphic and plastic approaches in shaping 
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a contemporary silhouette. The scientific novelty lies in interpreting Cyrillic as a compositional 

instrument that unites historical experience with modern digital practices. The results can be applied 

to the development of fashion collections focused on Russiaôs cultural code and the advancement of 

domestic digital-fashion design 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʠʨʠʣʣʠʮʘ, ʢʫʣʴʪʫʨʥʳʡ ʢʦʜ, ʬʦʨʤʘ, ʜʠʟʘʡʥ ʢʦʩʪʶʤʘ, ʨʫʩʩʢʠʡ ʘʚʘʥʛʘʨʜ, 

ʢʦʥʩʪʨʫʢʪʠʚʠʟʤ, ʛʨʘʬʝʤʘ, ʤʦʜʫʣʴʥʦʩʪʴ, ʚʠʟʫʘʣʴʥʘʷ ʠʜʝʥʪʠʯʥʦʩʪʴ, ʮʠʬʨʦʚʘʷ ʤʦʜʘ. 

 

Keywords: Cyrillic script, cultural code, form, fashion design, Russian avant-garde, 

constructivism, grapheme, modularity, visual identity, digital fashion. 

 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʠʷ ʠ ʚʠʟʫʘʣʴʥʦʡ ʫʥʠʬʠʢʘʮʠʠ ʚʦʟʨʘʩʪʘʝʪ 

ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʘʨʪʠʢʫʣʠʨʦʚʘʥʥʦʡ ʢʫʣʴʪʫʨʥʦʡ ʠʜʝʥʪʠʯʥʦʩʪʠ ʤʦʜʳ. ɼʣʷ ʨʦʩʩʠʡʩʢʦʡ ʰʢʦʣʳ 

ʜʠʟʘʡʥʘ ʪʘʢʠʤ ʠʩʪʦʯʥʠʢʦʤ ʚʳʩʪʫʧʘʝʪ ʢʠʨʠʣʣʠʮʘ ï ʩʠʩʪʝʤʘ ʟʥʘʢʦʚ, ʩʦʧʨʷʞʸʥʥʘʷ ʩ ʠʩʪʦʨʠʝʡ 

ʷʟʳʢʘ ʠ ʚʠʟʫʘʣʴʥʳʤʠ ʧʨʘʢʪʠʢʘʤʠ, ʩʧʦʩʦʙʥʳʤʠ ʪʨʘʥʩʣʠʨʦʚʘʪʴ ʩʤʳʩʣ ʯʝʨʝʟ ʬʦʨʤʫ.  

ʎʝʣɹʁ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʫʢʚ ʢʠʨʠʣʣʠʮʳ ʢʘʢ ʠʩʪʦʯʥʠʢʘ 

ʪʚʦʨʯʝʩʪʚʘ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʢʦʣʣʝʢʮʠʠ ʦʜʝʞʜʳ. ʄʝʪʦʜʦʣʦʛʠʯʝʩʢʘʷ ʙʘʟʘ ʚʢʣʶʯʘʝʪ ʘʥʘʣʠʟ, 

ʩʠʥʪʝʟ, ʥʘʙʣʶʜʝʥʠʝ ʠ ʩʨʘʚʥʝʥʠʝ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʪʘʥʜʘʨʪʘʤ ʨʘʙʦʪ ʚ ʦʙʣʘʩʪʠ ʜʠʟʘʡʥʘ.  

 

ʀʩʪʦʯʥʠʢ ʪʚʦʨʯʝʩʪʚʘ: ʢʠʨʠʣʣʠʮʘ ʠ ʥʘʩʣʝʜʠʝ ʨʫʩʩʢʦʛʦ ʘʚʘʥʛʘʨʜʘ 

ʈʫʩʩʢʠʡ ʘʚʘʥʛʘʨʜ ʥʘʯʘʣʘ ʍʍ ʚʝʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʥʠʢʘʣʴʥʦʝ ʷʚʣʝʥʠʝ ʚ ʠʩʪʦʨʠʠ 

ʤʠʨʦʚʦʡ ʢʫʣʴʪʫʨʳ, ʛʜʝ ʚʧʝʨʚʳʝ ʧʨʦʠʟʦʰʣʦ ʧʝʨʝʦʩʤʳʩʣʝʥʠʝ ʨʦʣʠ ʟʥʘʢʘ, ʙʫʢʚʳ ʠ ʬʦʨʤʳ ʢʘʢ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʭ ʚʳʨʘʟʠʪʝʣʴʥʳʭ ʝʜʠʥʠʮ ʭʫʜʦʞʝʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ. ɺ ʨʘʤʢʘʭ ʵʪʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ 

ʚʠʟʫʘʣʴʥʘʷ ʢʦʤʤʫʥʠʢʘʮʠʷ ʧʝʨʝʩʪʘʣʘ ʙʳʪʴ ʚʪʦʨʠʯʥʦʡ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʦʜʝʨʞʘʥʠʶ: ʰʨʠʬʪ, 

ʣʠʥʠʷ, ʮʚʝʪ ʠ ʢʦʤʧʦʟʠʮʠʷ ʩʪʘʣʠ ʥʦʩʠʪʝʣʷʤʠ ʩʤʳʩʣʘ. [2].  

ʀʤʝʥʥʦ ʚ ʘʚʘʥʛʘʨʜʝ ʙʫʢʚʘ ʧʝʨʝʩʪʘʣʘ ʙʳʪʴ ʣʠʰʴ ʵʣʝʤʝʥʪʦʤ ʪʝʢʩʪʘ ʠ ʧʨʝʚʨʘʪʠʣʘʩʴ ʚ 

ʧʣʘʩʪʠʯʝʩʢʫʶ ʬʦʨʤʫ, ʦʙʣʘʜʘʶʱʫʶ ʩʦʙʩʪʚʝʥʥʦʡ ʵʩʪʝʪʠʢʦʡ ʠ ʵʥʝʨʛʝʪʠʢʦʡ [9]. 

ɺ ʨʘʙʦʪʘʭ ʭʫʜʦʞʥʠʢʦʚ-ʘʚʘʥʛʘʨʜʠʩʪʦʚ ʕʣʴ ʃʠʩʠʮʢʦʛʦ, ɺʘʨʚʘʨʳ ʉʪʝʧʘʥʦʚʦʡ, ʃʶʙʦʚʠ 

ʇʦʧʦʚʦʡ ʠ ɸʣʝʢʩʘʥʜʨʘ ʈʦʜʯʝʥʢʦ ʧʨʦʷʚʠʣʩʷ ʧʨʠʥʮʠʧ çʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʩʠʥʪʝʟʘè, ʢʦʛʜʘ 

ʭʫʜʦʞʝʩʪʚʝʥʥʳʝ, ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʠ ʛʨʘʬʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʩʦʝʜʠʥʷʣʠʩʴ ʚ ʝʜʠʥʫʶ ʩʠʩʪʝʤʫ. 

ʇʣʘʢʘʪ, ʪʠʧʦʛʨʘʬʠʢʘ ʠ ʪʝʢʩʪʠʣʴ 1920-ʭ ʛʦʜʦʚ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʪʨʝʤʣʝʥʠʝ ʢ ʫʥʠʚʝʨʩʘʣʴʥʦʤʫ 

ʷʟʳʢʫ ʚʠʟʫʘʣʴʥʳʭ ʟʥʘʢʦʚ, ʩʧʦʩʦʙʥʳʭ ʧʝʨʝʜʘʚʘʪʴ ʠʜʝʶ ʜʚʠʞʝʥʠʷ, ʜʠʥʘʤʠʢʠ, 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ [7].  

ʕʪʦʪ ʦʧʳʪ ʩʪʘʣ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʦʩʥʦʚʘʥʠʡ ʜʣʷ ʧʦʠʩʢʘ ʥʦʚʳʭ ʤʝʪʦʜʦʚ 

ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʤʦʜʝ [10]. 

ɺ ʢʦʥʪʝʢʩʪʝ ʩʦʚʨʝʤʝʥʥʦʛʦ ʜʠʟʘʡʥʘ ʢʦʩʪʶʤʘ ʦʙʨʘʱʝʥʠʝ ʢ ʘʚʘʥʛʘʨʜʥʳʤ ʧʨʠʥʮʠʧʘʤ 

ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʠʨʠʣʣʠʯʝʩʢʫʶ ʙʫʢʚʫ ʥʝ ʢʘʢ ʜʝʢʦʨʘʪʠʚʥʳʡ ʤʦʪʠʚ, ʘ ʢʘʢ 

ʩʪʨʫʢʪʫʨʥʳʡ ʵʣʝʤʝʥʪ ʢʦʤʧʦʟʠʮʠʠ. ɻʨʘʬʝʤʘ ʥʝʩʸʪ ʚ ʩʝʙʝ ʧʦʪʝʥʮʠʘʣ ʘʨʭʠʪʝʢʪʫʨʥʦʩʪʠ, 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ ʠ ʨʠʪʤʠʯʝʩʢʦʡ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ, ʯʪʦ ʜʝʣʘʝʪ ʝʸ ʧʨʠʤʝʥʠʤʦʡ ʢ 

ʧʦʩʪʨʦʝʥʠʶ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʬʦʨʤ ʦʜʝʞʜʳ. ɺʝʨʪʠʢʘʣʠ, ʜʠʘʛʦʥʘʣʠ, ʧʝʨʝʩʝʯʝʥʠʷ ʠ ʨʘʟʨʳʚʳ 

ʙʫʢʚʝʥʥʳʭ ʦʯʝʨʪʘʥʠʡ ʬʦʨʤʠʨʫʶʪ ʚʠʟʫʘʣʴʥʳʡ ʨʠʪʤ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥ ʚ 

ʣʠʥʠʠ ʢʨʦʷ, ʜʝʣʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʪʢʘʥʠ, ʨʘʟʤʝʱʝʥʠʝ ʜʝʢʦʨʘʪʠʚʥʳʭ ʘʢʮʝʥʪʦʚ [15]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʧʨʦʝʢʪʝ çʂʠʨʠʣʣʠʮʘè ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʠʩʪʦʯʥʠʢ ʜʚʦʠʪʩʷ: 

1. ɻʨʘʬʝʤʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ, ʦʙʣʘʜʘʶʱʘʷ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤʠ ʧʨʦʧʦʨʮʠʡ ʠ ʨʠʪʤʘ, ʧʨʠʤʝʥʠʤʳʤʠ ʚ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ ʦʜʝʞʜʳ [5]. 

2. ɸʚʘʥʛʘʨʜ ʦʩʤʳʩʣʠʚʘʝʪʩʷ ʢʘʢ ʠʩʪʦʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩʪʨʫʢʪʫʨʥʦʛʦ, ʣʘʢʦʥʠʯʥʦʛʦ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʘ, ʛʜʝ ʵʩʪʝʪʠʢʘ ʠ ʨʘʮʠʦʥʘʣʴʥʦʩʪʴ ʩʫʱʝʩʪʚʫʶʪ ʚ ʨʘʚʥʦʚʝʩʠʠ. 
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ɺ ʩʦʝʜʠʥʝʥʠʠ ʵʪʠʭ ʜʚʫʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʦʞʜʘʝʪʩʷ ʤʝʪʦʜ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʠʜʝʝ çʙʫʢʚʳ ʢʘʢ ʘʨʭʠʪʝʢʪʫʨʳ ʢʦʩʪʶʤʘè. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʠʥʪʝʛʨʠʨʦʚʘʪʴ 

ʥʘʮʠʦʥʘʣʴʥʳʡ ʩʠʤʚʦʣ ʚ ʩʦʚʨʝʤʝʥʥʳʡ ʤʦʜʥʳʡ ʢʦʥʪʝʢʩʪ, ʧʨʝʚʨʘʪʠʚ ʢʫʣʴʪʫʨʥʦʝ ʥʘʩʣʝʜʠʝ ʚ 

ʘʢʪʫʘʣʴʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʭʫʜʦʞʝʩʪʚʝʥʥʦʛʦ ʠ ʧʨʦʝʢʪʥʦʛʦ ʤʳʰʣʝʥʠʷ [3]. 

 

ʉʦʮʠʦʢʫʣʴʪʫʨʥʳʝ ʠ ʪʨʝʥʜʦʚʳʝ ʧʨʝʜʧʦʩʳʣʢʠ 

ʉʦʚʨʝʤʝʥʥʘʷ ʤʦʜʘ ʦʪʨʘʞʘʝʪ ʧʨʦʮʝʩʩʳ ʩʘʤʦʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʙʱʝʩʪʚʘ ʠ ʚʦʟʚʨʘʱʝʥʠʷ ʢ 

ʥʘʮʠʦʥʘʣʴʥʳʤ ʢʫʣʴʪʫʨʥʳʤ ʢʦʜʘʤ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘʙʣʶʜʘʝʪʩʷ ʫʩʪʦʡʯʠʚʳʡ ʠʥʪʝʨʝʩ 

ʘʫʜʠʪʦʨʠʠ ʢ ʙʨʝʥʜʘʤ, ʪʨʘʥʩʣʠʨʫʶʱʠʤ ʠʜʝʠ ʵʢʦʣʦʛʠʯʥʦʩʪʠ, ʦʩʦʟʥʘʥʥʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ ʠ 

ʢʫʣʴʪʫʨʥʦʡ ʩʘʤʦʙʳʪʥʦʩʪʠ. ʆʜʝʞʜʘ ʚʩʸ ʯʘʱʝ ʚʦʩʧʨʠʥʠʤʘʝʪʩʷ ʥʝ ʧʨʦʩʪʦ ʢʘʢ ʧʨʝʜʤʝʪ ʛʘʨʜʝʨʦʙʘ, 

ʘ ʢʘʢ ʩʧʦʩʦʙ ʚʳʨʘʞʝʥʠʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʠ ʣʠʯʥʳʭ ʮʝʥʥʦʩʪʝʡ.  

ʇʨʦʚʝʜʸʥʥʳʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʩʦʮʠʘʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ: ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ 

ʨʝʩʧʦʥʜʝʥʪʦʚ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʠʥʪʝʨʝʩ ʢ ʠʜʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʠʨʠʣʣʠʯʝʩʢʠʭ ʙʫʢʚ ʢʘʢ ʵʣʝʤʝʥʪʘ 

ʜʠʟʘʡʥʘ ï 42,2% ʦʪʤʝʪʠʣʠ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠ ʦʨʠʛʠʥʘʣʴʥʦʩʪʴ ʢʦʥʮʝʧʮʠʠ (ʊʘʙʣʠʮʘ 1).  

ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʛʦʪʦʚʥʦʩʪʠ ʘʫʜʠʪʦʨʠʠ ʚʦʩʧʨʠʥʠʤʘʪʴ ʢʠʨʠʣʣʠʮʫ ʢʘʢ ʩʦʚʨʝʤʝʥʥʳʡ 

ʭʫʜʦʞʝʩʪʚʝʥʥʳʡ ʩʠʤʚʦʣ, ʩʦʝʜʠʥʷʶʱʠʡ ʪʨʘʜʠʮʠʶ ʠ ʠʥʥʦʚʘʮʠʶ. ʊʨʝʥʜʦʚʳʡ ʩʨʝʟ ʧʦʩʣʝʜʥʠʭ 

ʧʷʪʠ ʣʝʪ ʚʳʷʚʠʣ ʫʢʨʝʧʣʝʥʠʝ ʥʘʧʨʘʚʣʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʣʘʢʦʥʠʯʥʦʩʪʴʶ, ʩʪʨʫʢʪʫʨʥʦʩʪʴʶ ʠ 

ʘʨʭʠʪʝʢʪʫʨʥʦʩʪʴʶ ʬʦʨʤʳ [4].  

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʢʦʤʙʠʥʝʟʦʥʫ ʢʘʢ ʮʝʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʩʠʤʚʦʣʠʟʠʨʫʶʱʝʡ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʠ ʟʘʚʝʨʰʸʥʥʦʩʪʴ ʦʙʨʘʟʘ. ʊʘʢʞʝ ʫʩʠʣʠʚʘʝʪʩʷ ʨʦʣʴ ʛʨʘʬʠʯʝʩʢʠʭ ʘʢʮʝʥʪʦʚ, 

ʘʩʠʤʤʝʪʨʠʠ ʠ ʮʚʝʪʦʚʳʭ ʢʦʥʪʨʘʩʪʦʚ, ʯʪʦ ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʩʦʦʪʥʦʩʠʪʩʷ ʩ ʵʩʪʝʪʠʢʦʡ 

ʨʫʩʩʢʦʛʦ ʘʚʘʥʛʘʨʜʘ. 
 

ʊʘʙʣʠʮʘ 1 

ʉʆʎʀɸʃʔʅʓʁ ɸʅɸʃʀɿ 
 

 

ɺʘʨʠʘʥʪʳ % ɼʠʘʛʨʘʤʤʘ 

 1. ɺʘʰ ʚʦʟʨʘʩʪ. 

 18-20 23 

 

 20-25 64 

 25-30 3,5 

 30 ʠ ʩʪʘʨʰʝ 9,5 

 2. ɺʠʜ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

 ʈʘʙʦʪʘ 20 

 

 ʋʯʝʙʘ 45,8 

 ʈʘʙʦʪʘ ʠ ʫʯʝʙʘ 35,2 

 ʅʘ ʧʝʥʩʠʠ 0 

 3. ʇʨʝʜʧʦʯʠʪʘʝʤʳʡ ʩʪʠʣʴ ʚ ʦʜʝʞʜʝ. 

 ʂʵʞʫʘʣ 43,3 

 

 ɸʚʘʥʛʘʨʜ 15,7 

 ʉʪʨʠʪʚʠʨ 32 

 ɹʝʟʨʘʟʣʠʯʝʥ 10 

 4. ɺʘʰʝ ʦʪʥʦʰʝʥʠʷ ʢ ʵʢʦʣʦʤʛʠʯʥʦʤʫ ʧʨʦʠʟʚʦʜʩʪʚʫ. 

 ɺʘʞʥʦ 20,5 

 

 ɺʘʞʥʦ, ʥʦ ʥʝ ʥʘ ʧʝʨʚʦʤ ʤʝʩʪʝ 42,2 

 ʅʝ ʩʪʦʣʴ ʚʘʞʥʦ 18,3 

 ɹʝʟʨʘʟʣʠʯʥʦ 19 

 5. ɺʘʰʝ ʦʪʥʦʰʝʥʠʝ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʙʫʢʚ ʚ ʦʜʝʞʜʝ. 

 ʀʥʪʝʨʝʩʥʘʷ ʠʜʝʷ 42,2 
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ɺʘʨʠʘʥʪʳ % ɼʠʘʛʨʘʤʤʘ 

 ʇʦʩʤʦʪʨʝʣ ʙʳ ʥʘ ʵʪʦ 20,5 

 

 ɹʝʟʨʘʟʣʠʯʥʦ 17 

 ɺʦʟʤʦʞʥʦ, ʧʨʠʦʙʨʝʣ ʙʳ 20,3 

 6. ɿʥʘʢʦʤʳ ʣʠ ʩ ʪʚʦʨʯʝʩʪʚʦʤ ʨʫʩʩʢʠʭ ʘʚʘʥʛʘʨʜʠʩʪʦʚ. 

 ɼʘ, ʟʥʘʢʦʤ 30 

 

 ɼʘ, ʦʪʯʘʩʪʠ 20 

 ʉʣʳʰʘʣ, ʥʦ ʥʝ ʟʥʘʢʦʤ 45 

 ʅʝ ʟʥʘʢʦʤ 5 

 7. ɺʘʰ ʫʨʦʚʝʥʴ ʜʦʭʦʜʘ. 

 20000-30000 50 

 

 35000-45000 10 

 50000-80000 35 

 90000-150000 5 

 8. ʎʚʝʪʦʚʳʝ ʧʨʝʜʧʦʯʪʝʥʠʷ ʚ ʦʜʝʞʜʝ 

 20000-30000 25 

 

 35000-45000 35 

 50000-80000 25 

 90000-150000 15 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʮʠʦʢʫʣʴʪʫʨʥʳʝ ʠ ʩʪʠʣʠʩʪʠʯʝʩʢʠʝ ʧʨʝʜʧʦʩʳʣʢʠ ʬʦʨʤʠʨʫʶʪ 

ʙʣʘʛʦʧʨʠʷʪʥʫʶ ʦʩʥʦʚʫ ʜʣʷ ʢʦʣʣʝʢʮʠʠ çʂʠʨʠʣʣʠʮʘè, ʦʙʲʝʜʠʥʷʶʱʝʡ ʪʨʘʜʠʮʠʦʥʥʳʡ ʩʠʤʚʦʣʠʟʤ 

ʠ ʩʦʚʨʝʤʝʥʥʫʶ ʚʠʟʫʘʣʴʥʫʶ ʜʠʥʘʤʠʢʫ. 

 

ʄʝʪʦʜʠʢʘ ʭʫʜʦʞʝʩʪʚʝʥʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʙʫʢʚʳ 

ʇʨʦʝʢʪʥʘʷ ʢʦʥʮʝʧʮʠʷ ʢʦʣʣʝʢʮʠʠ ʦʧʠʨʘʝʪʩʷ ʥʘ ʤʦʜʫʣʴʥʦʝ ʧʨʦʯʪʝʥʠʝ ʛʨʘʬʝʤ ʠ ʠʭ 

ʧʣʘʩʪʠʯʝʩʢʫʶ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʢʦʩʪʶʤʘ. ʂʘʞʜʘʷ ʙʫʢʚʘ ʢʠʨʠʣʣʠʮʳ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʴ ʣʠʥʠʡ, ʨʠʪʤʦʚ ʠ ʩʦʦʪʥʦʰʝʥʠʡ, ʩʧʦʩʦʙʥʳʭ ʙʳʪʴ 

ʧʝʨʝʚʝʜʸʥʥʳʤʠ ʚ ʬʦʨʤʫ ʠ ʩʪʨʫʢʪʫʨʫ ʦʜʝʞʜʳ. ɺʝʨʪʠʢʘʣʠ, ʜʠʘʛʦʥʘʣʠ, ʦʩʪʨʳʝ ʫʛʣʳ ʠ 

ʧʝʨʝʩʝʯʝʥʠʷ ʩʪʘʥʦʚʷʪʩʷ ʦʨʠʝʥʪʠʨʘʤʠ ʜʣʷ ʣʠʥʠʡ ʢʨʦʷ, ʜʝʢʦʨʘʪʠʚʥʳʭ ʰʚʦʚ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʦʙʲʸʤʦʚ [11]. 

ɺ ʭʦʜʝ ʘʥʘʣʠʟʘ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʢʣʶʯʝʚʳʝ ʧʨʠʥʮʠʧʳ ʭʫʜʦʞʝʩʪʚʝʥʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʙʫʢʚʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʮʝʣʦʩʪʥʦʩʪʴ ʚʠʟʫʘʣʴʥʦʛʦ ʷʟʳʢʘ ʢʦʣʣʝʢʮʠʠ: 

ʊʨʘʥʩʬʦʨʤʘʮʠʷ ʛʨʘʬʠʢʠ ʚ ʢʦʥʩʪʨʫʢʪʠʚʥʫʶ ʩʠʩʪʝʤʫ; ʛʨʘʬʝʤʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ 

ʩʪʨʫʢʪʫʨʥʳʡ ʢʘʨʢʘʩ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʩʠʣʫʵʪ ʠ ʧʨʦʧʦʨʮʠʠ. 

ʄʦʜʫʣʷʨʥʦʩʪʴ, ʧʦʚʪʦʨ ʠ ʚʘʨʴʠʨʦʚʘʥʠʝ ʙʫʢʚʝʥʥʦʡ ʬʦʨʤʳ ʚ ʜʝʪʘʣʷʭ ʢʦʩʪʶʤʘ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ ʚʠʟʫʘʣʴʥʦʛʦ ʨʠʪʤʘ ʠ ʝʜʠʥʩʪʚʘ ʘʥʩʘʤʙʣʷ. 

ʈʠʪʤ ʠ ʢʦʥʪʨʘʩʪ, ʯʝʨʝʜʦʚʘʥʠʝ ʧʣʦʪʥʳʭ ʠ ʧʫʩʪʳʭ ʫʯʘʩʪʢʦʚ, ʤʘʪʦʚʳʭ ʠ ʛʣʷʥʮʝʚʳʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ, ʚʝʨʪʠʢʘʣʝʡ ʠ ʜʠʘʛʦʥʘʣʝʡ ʩʦʟʜʘʸʪ ʚʠʟʫʘʣʴʥʫʶ ʜʠʥʘʤʠʢʫ, ʭʘʨʘʢʪʝʨʥʫʶ ʜʣʷ ʷʟʳʢʘ 

ʘʚʘʥʛʘʨʜʘ. 

ʕʢʦʥʦʤʠʷ ʮʚʝʪʘ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʛʨʘʥʠʯʝʥʥʦʡ ʧʘʣʠʪʨʳ (ʯʸʨʥʳʡ, ʙʝʣʳʡ, ʢʨʘʩʥʳʡ, 

ʛʨʘʬʠʪʦʚʳʡ), ʯʪʦ ʫʩʠʣʠʚʘʝʪ ʘʨʭʠʪʝʢʪʫʨʥʦʩʪʴ ʬʦʨʤʳ ʠ ʧʦʜʯʸʨʢʠʚʘʝʪ ʩʚʷʟʴ ʩ ʧʣʘʢʘʪʥʦʡ 

ʵʩʪʝʪʠʢʦʡ ʢʦʥʩʪʨʫʢʪʠʚʠʟʤʘ. 

ʕʪʠ ʧʨʠʥʮʠʧʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʘʣʘʥʩ ʤʝʞʜʫ ʛʨʘʬʠʯʝʩʢʦʡ ʩʪʨʦʛʦʩʪʴʶ ʠ ʧʣʘʩʪʠʯʝʩʢʦʡ 

ʚʳʨʘʟʠʪʝʣʴʥʦʩʪʴʶ, ʧʨʝʚʨʘʱʘʷ ʙʫʢʚʫ ʠʟ ʧʣʦʩʢʦʛʦ ʟʥʘʢʘ ʚ ʪʨʸʭʤʝʨʥʫʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ 

ʩʪʨʫʢʪʫʨʫ. ʀʪʦʛʦʤ ʩʪʘʣʦ ʩʦʟʜʘʥʠʝ ʵʩʢʠʟʥʦʛʦ ʛʨʘʥʜ-ʧʨʦʝʢʪʘ (ʈʠʩʫʥʦʢ 1).  
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ʈʠʩʫʥʦʢ 1. ɻʨʘʥʜ-ʵʩʢʠʟ ʢʦʣʣʝʢʮʠʠ 

 

ʈʘʟʨʘʙʦʪʢʘ ʢʦʣʣʝʢʮʠʠ ʦʜʝʞʜʳ 

ʈʘʟʨʘʙʦʪʢʘ ʢʦʣʣʝʢʮʠʠ ʧʨʦʭʦʜʠʣʘ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʦʩʫʱʝʩʪʚʣʷʣʩʷ 

ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʧʦʠʩʢ ʧʣʘʩʪʠʯʝʩʢʠʭ ʘʥʘʣʦʛʠʡ ʤʝʞʜʫ ʛʨʘʬʝʤʦʡ ʠ ʯʝʣʦʚʝʯʝʩʢʠʤ ʪʝʣʦʤ. ɹʫʢʚʘ 

ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʢʘʢ ʜʠʥʘʤʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ, ʩʧʦʩʦʙʥʘʷ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʘʥʘʪʦʤʠʠ, ʥʦ ʧʨʠ 

ʵʪʦʤ ʩʦʭʨʘʥʷʪʴ ʩʦʙʩʪʚʝʥʥʫʶ ʛʝʦʤʝʪʨʠʶ. ʕʩʢʠʟʥʳʡ ʧʦʠʩʢ ʚʢʣʶʯʘʣ ʚʘʨʠʘʮʠʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʣʠʥʠʡ ʢʠʨʠʣʣʠʯʝʩʢʠʭ ʟʥʘʢʦʚ ʚ ʢʦʥʪʫʨʳ ʧʣʝʯʝʚʦʛʦ ʧʦʷʩʘ, ʨʫʢʘʚʦʚ, ʣʠʥʠʡ ʪʘʣʠʠ ʠ ʥʠʟʘ ʠʟʜʝʣʠʷ 

[16]. 

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʧʨʦʚʦʜʠʣʦʩʴ ʧʦʩʪʨʦʝʥʠʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʩʭʝʤ ʠ ʤʘʢʝʪʦʚ, ʛʜʝ 

ʬʠʢʩʠʨʦʚʘʣʠʩʴ ʦʩʥʦʚʥʳʝ ʤʦʜʫʣʠ ï ʚʝʨʪʠʢʘʣʴʥʳʝ, ʜʠʘʛʦʥʘʣʴʥʳʝ ʠ ʧʝʨʝʢʨʝʱʠʚʘʶʱʠʝʩʷ 

ʵʣʝʤʝʥʪʳ. ʂʘʞʜʘʷ ʠʟ ʥʠʭ ʩʪʘʥʦʚʠʣʘʩʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʤ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤ ʫʟʣʦʤ, ʢʦʪʦʨʳʡ 

ʟʘʪʝʤ ʠʥʪʝʛʨʠʨʦʚʘʣʩʷ ʚ ʦʙʱʫʶ ʬʦʨʤʫ ʠʟʜʝʣʠʷ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʣʦʩʴ ʧʨʦʧʦʨʮʠʠ çʤʘʩʩʳ 

ʠ ʧʫʩʪʦʪʳè: ʙʫʢʚʘ ʥʝ ʠʟʦʙʨʘʞʘʣʘʩʴ ʙʫʢʚʘʣʴʥʦ, ʘ ʨʠʪʤʠʯʝʩʢʠ çʚʩʪʨʘʠʚʘʣʘʩʴè ʚ ʘʨʭʠʪʝʢʪʫʨʫ 

ʢʦʩʪʶʤʘ. ʊʘʢʞʝ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʥʦʡ ʯʘʩʪʠ ʢʦʣʣʝʢʮʠʠ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʩʦʟʜʘʥʠʶ 

ʧʨʠʥʪʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʛʨʘʬʝʤʘʭ ʢʠʨʠʣʣʠʮʳ. ʂʘʞʜʳʡ ʧʨʠʥʪ ʨʘʟʨʘʙʘʪʳʚʘʣʩʷ ʢʘʢ 

ʧʨʦʜʦʣʞʝʥʠʝ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʠʜʝʠ ʢʦʩʪʶʤʘ: ʙʫʢʚʘ ʥʝ ʚʦʩʧʨʦʠʟʚʦʜʠʪʩʷ ʙʫʢʚʘʣʴʥʦ, ʘ 

ʧʦʜʚʝʨʛʘʝʪʩʷ ʘʙʩʪʨʘʢʮʠʠ, ʨʠʪʤʠʯʝʩʢʦʤʫ ʧʦʚʪʦʨʫ ʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚ ʧʣʦʩʢʦʩʪʠ ʪʢʘʥʠ [8].  

ʊʘʢʘʷ ʨʘʙʦʪʘ ʩ ʛʨʘʬʠʢʦʡ ʧʦʟʚʦʣʷʝʪ ʫʩʠʣʠʪʴ ʩʚʷʟʴ ʤʝʞʜʫ ʚʠʟʫʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʢʦʩʪʶʤʘ 

ʠ ʢʫʣʴʪʫʨʥʳʤ ʩʠʤʚʦʣʦʤ, ʧʨʝʚʨʘʱʘʷ ʧʨʠʥʪ ʚ ʩʤʳʩʣʦʚʦʡ ʵʣʝʤʝʥʪ ʢʦʤʧʦʟʠʮʠʠ, ʘ ʥʝ ʧʨʦʩʪʦ 

ʜʝʢʦʨʘʪʠʚʥʳʡ ʩʣʦʡ (ʈʠʩʫʥʦʢ 2). 

ʅʘ ʪʨʝʪʴʝʤ ʵʪʘʧʝ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʨʘʙʦʪʘ ʩ ʬʘʢʪʫʨʦʡ ʠ ʮʚʝʪʦʤ. 

ʊʝʩʪʠʨʦʚʘʣʠʩʴ ʨʘʟʣʠʯʥʳʝ ʩʦʯʝʪʘʥʠʷ ʪʢʘʥʝʡ ï ʦʪ ʧʣʦʪʥʳʭ ʤʘʪʦʚʳʭ ʜʦ ʛʣʷʥʮʝʚʳʭ ʠ 

ʧʦʣʫʧʨʦʟʨʘʯʥʳʭ ï ʩ ʮʝʣʴʶ ʚʳʷʚʠʪʴ ʧʣʘʩʪʠʯʝʩʢʫʶ ʛʣʫʙʠʥʫ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʧʦʜʯʝʨʢʥʫʪʴ 

çʪʝʢʪʦʥʠʢʫè ʢʦʩʪʶʤʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʮʠʬʨʦʚʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (CLO 3D) ʧʦʟʚʦʣʠʣʦ 

ʫʪʦʯʥʠʪʴ ʨʠʪʤ, ʩʠʤʤʝʪʨʠʶ ʠ ʚʠʟʫʘʣʴʥʳʡ ʙʘʣʘʥʩ, ʤʠʥʠʤʠʟʠʨʦʚʘʚ ʢʦʣʠʯʝʩʪʚʦ ʬʠʟʠʯʝʩʢʠʭ 

ʧʨʦʪʦʪʠʧʦʚ. ʀʪʦʛʦʤ ʵʪʠʭ ʧʨʦʮʝʜʫʨ ʩʪʘʣʦ ʩʦʟʜʘʥʠʝ ʘʚʪʦʨʩʢʦʡ ʩʠʩʪʝʤʳ çʧʣʘʩʪʠʯʝʩʢʦʛʦ 

ʘʣʬʘʚʠʪʘè, ʛʜʝ ʢʘʞʜʘʷ ʬʦʨʤʘ ʠʥʪʝʨʧʨʝʪʠʨʫʝʪʩʷ ʢʘʢ ʧʨʦʠʟʚʦʜʥʘʷ ʦʪ ʛʨʘʬʝʤʳ, ʥʦ ʩʦʭʨʘʥʷʝʪ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʠ ʥʦʩʠʙʝʣʴʥʦʩʪʴ. ʕʪʘ ʩʠʩʪʝʤʘ ʦʙʲʝʜʠʥʷʝʪ ʧʨʦʝʢʪʥʳʝ ʠ ʭʫʜʦʞʝʩʪʚʝʥʥʳʝ 

ʧʨʠʸʤʳ, ʬʦʨʤʠʨʫʷ ʤʝʪʦʜʠʢʫ, ʧʨʠʤʝʥʠʤʫʶ ʥʝ ʪʦʣʴʢʦ ʚ ʢʦʣʣʝʢʮʠʠ çʂʠʨʠʣʣʠʮʘè, ʥʦ ʠ ʚ ʙʦʣʝʝ 

ʰʠʨʦʢʦʤ ʢʦʥʪʝʢʩʪʝ ʩʦʚʨʝʤʝʥʥʦʛʦ ʨʦʩʩʠʡʩʢʦʛʦ ʜʠʟʘʡʥʘ ʢʦʩʪʶʤʘ (ʈʠʩʫʥʦʢ 1-7).  
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ʈʠʩʫʥʦʢ 2. ʈʘʟʨʘʙʦʪʢʘ ʧʨʠʥʪʦʚʳʭ ʢʦʤʧʦʟʠʮʠʡ 

 

ʆʙʨʘʟ çʊʦʯʢʘè ʨʘʟʨʘʙʦʪʘʥ ʥʘ ʦʩʥʦʚʝ ʛʨʘʬʝʤʳ çʀè, çɸè ʧʝʨʝʦʩʤʳʩʣʝʥʥʦʡ ʢʘʢ 

ʚʝʨʪʠʢʘʣʴʥʳʡ ʤʦʜʫʣʴ ʩ ʚʥʫʪʨʝʥʥʠʤ ʥʘʧʨʷʞʝʥʠʝʤ ʠ ʥʘʧʨʘʚʣʝʥʥʳʤ ʜʚʠʞʝʥʠʝʤ. ɺ ʢʦʤʧʦʟʠʮʠʠ 

ʩʠʣʫʵʪʘ ʠʩʧʦʣʴʟʦʚʘʥ ʧʨʠʥʮʠʧ ʦʩʝʚʦʡ ʩʠʤʤʝʪʨʠʠ ʩ ʣʸʛʢʠʤ ʩʤʝʱʝʥʠʝʤ ʮʝʥʪʨʘ, ʯʪʦ ʩʦʟʜʘʸʪ 

ʦʱʫʱʝʥʠʝ ʜʠʥʘʤʠʢʠ ʧʨʠ ʚʠʟʫʘʣʴʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʬʦʨʤʳ. ʂʣʶʯʝʚʳʤ ʵʣʝʤʝʥʪʦʤ ʩʪʘʣ ʧʨʠʥʪ, 

ʩʦʟʜʘʥʥʳʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʪʠʣʠʟʘʮʠʠ ʙʫʢʚʳ ʚ ʨʠʪʤʠʯʝʩʢʠʡ ʦʨʥʘʤʝʥʪ. ʌʠʛʫʨʘ ʙʫʢʚʳ 

ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʘ ʚ ʧʦʚʪʦʨʷʶʱʠʝʩʷ ʩʪʨʝʣʦʯʥʳʝ ʣʠʥʠʠ, ʦʙʨʘʟʫʶʱʠʝ ʚʝʨʪʠʢʘʣʴʥʳʡ ʧʦʪʦʢ, 

ʩʠʤʚʦʣʠʟʠʨʫʶʱʠʡ ʜʚʠʞʝʥʠʝ ʩʤʳʩʣʘ ʠ ʚʠʟʫʘʣʴʥʦʛʦ ʠʤʧʫʣʴʩʘ ʚʚʝʨʭ. 

 

 
 

ʈʠʩʫʥʦʢ 3. çʃʫʢ ʪʦʯʢʘè 
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ʆʙʨʘʟ çɻè ʧʦʩʪʨʦʝʥ ʥʘ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʣʘʢʦʥʠʯʥʳʭ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ 

ʛʨʘʬʝʤ ʢʠʨʠʣʣʠʮʳ. ɹʫʢʚʘ çɻè, ʩʦʩʪʦʷʱʘʷ ʠʟ ʜʚʫʭ ʚʟʘʠʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʣʠʥʠʡ, 

ʚʦʩʧʨʠʥʠʤʘʝʪʩʷ ʢʘʢ ʩʠʤʚʦʣ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʨʘʮʠʦʥʘʣʴʥʦʩʪʠ ʠ ʯʸʪʢʦʩʪʠ ʩʪʨʫʢʪʫʨʳ. ʕʪʠ 

ʢʘʯʝʩʪʚʘ ʣʝʛʣʠ ʚ ʦʩʥʦʚʫ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʨʝʰʝʥʠʷ ʢʦʩʪʶʤʘ.  

 

 
 

ʈʠʩʫʥʦʢ 4. çʃʫʢ ɻè 

 

ʉʠʣʫʵʪ ʚʳʩʪʨʦʝʥ ʧʦ ʧʨʠʥʮʠʧʫ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʩ ʘʢʮʝʥʪʦʤ ʥʘ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʯʣʝʥʝʥʠʝ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʠʟʜʝʣʠʷ, ʯʪʦ ʚʠʟʫʘʣʴʥʦ ʧʦʚʪʦʨʷʝʪ ʦʯʝʨʪʘʥʠʷ ʙʫʢʚʳ. 

ɺʝʨʭʥʷʷ ʙʦʨʜʦʚʘʷ ʧʘʥʝʣʴ çʧʝʨʝʢʨʳʚʘʝʪè ʯʸʨʥʦʝ ʦʩʥʦʚʘʥʠʝ, ʬʦʨʤʠʨʫʷ ʭʘʨʘʢʪʝʨʥʳʡ ʫʛʦʣ ï

ʚʠʟʫʘʣʴʥʫʶ ʤʝʪʘʬʦʨʫ ʛʨʘʬʝʤʳ çɻè. ʂʦʥʪʨʘʩʪʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʮʚʝʪʘ ʫʩʠʣʠʚʘʝʪ ʵʬʬʝʢʪ 

ʧʦʩʪʨʦʝʥʠʷ ʬʦʨʤʳ ʠʟ ʜʚʫʭ ʥʝʟʘʚʠʩʠʤʳʭ ʤʦʜʫʣʝʡ, ʦʙʲʝʜʠʥʸʥʥʳʭ ʚ ʝʜʠʥʫʶ ʩʠʩʪʝʤʫ. ɺ ʧʨʦʝʢʪʝ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʘʪʝʨʠʘʣʳ ʨʘʟʥʦʡ ʧʣʦʪʥʦʩʪʠ: ʤʷʛʢʠʡ ʤʘʪʦʚʳʡ ʪʨʠʢʦʪʘʞ ʠ ʛʣʘʜʢʘʷ ʚʩʪʘʚʢʘ, ʥʘ 

ʢʦʪʦʨʫʶ ʥʘʥʝʩʸʥ ʢʨʫʧʥʳʡ ʧʨʠʥʪ ʙʫʢʚʳ çɻè. ɻʨʘʬʠʢʘ ʙʫʢʚʳ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʳʥʝʩʝʥʘ ʥʘ ʩʫʤʢʫ, 

ʯʪʦ ʧʨʝʚʨʘʱʘʝʪ ʟʥʘʢ ʚ ʧʦʚʪʦʨʷʶʱʠʡʩʷ ʵʣʝʤʝʥʪ ʘʥʩʘʤʙʣʷ ʠ ʧʦʜʯʸʨʢʠʚʘʝʪ ʧʨʠʥʮʠʧ 

ʤʦʜʫʣʷʨʥʦʩʪʠ, ʣʝʞʘʱʠʡ ʚ ʦʩʥʦʚʝ ʚʩʝʡ ʢʦʣʣʝʢʮʠʠ. 

 

 

ʈʠʩʫʥʦʢ 5. çʃʫʢ ʄè 
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ʈʠʩʫʥʦʢ 6. çʃʫʢ Replica»  

 

 
 

ʈʠʩʫʥʦʢ 7. çʃʫʢ!è 

 

 
ʈʠʩʫʥʦʢ 8. çʃʫʢ ʅè 
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ʈʠʩʫʥʦʢ 9. çʃʫʢ ɸè 

 

ʆʙʨʘʟ çʄè ʩʠʤʚʦʣʠʟʠʨʫʝʪ ʜʠʥʘʤʠʢʫ ʠ ʚʥʫʪʨʝʥʥʝʝ ʥʘʧʨʷʞʝʥʠʝ ʬʦʨʤʳ. ɹʫʢʚʘ çʄè ï ʦʜʥʘ 

ʠʟ ʩʘʤʳʭ ʧʣʘʩʪʠʯʥʳʭ ʠ ʨʠʪʤʠʯʥʳʭ ʚ ʢʠʨʠʣʣʠʯʝʩʢʦʤ ʘʣʬʘʚʠʪʝ: ʝʸ ʛʨʘʬʠʢʘ ʩʪʨʦʠʪʩʷ ʥʘ 

ʧʨʠʥʮʠʧʝ ʧʝʨʝʩʝʯʝʥʠʷ ʜʠʘʛʦʥʘʣʝʡ ʠ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ. ɺ ʧʨʦʝʢʪʝ ʵʪʘ ʩʪʨʫʢʪʫʨʘ 

ʧʝʨʝʦʩʤʳʩʣʝʥʘ ʯʝʨʝʟ ʢʦʥʩʪʨʫʢʮʠʶ ʞʘʢʝʪʘ, ʚ ʢʦʪʦʨʦʤ ʜʠʘʛʦʥʘʣʴʥʳʝ ʣʠʥʠʠ ʩʪʘʥʦʚʷʪʩʷ 

ʜʦʤʠʥʠʨʫʶʱʠʤʠ ʬʦʨʤʦʦʙʨʘʟʫʶʱʠʤʠ ʵʣʝʤʝʥʪʘʤʠ [14]. 

ʅʘ ʩʧʠʥʢʝ ʠʟʜʝʣʠʷ ʚʳʧʦʣʥʝʥʳ ʢʨʫʧʥʳʝ ʚʩʪʘʚʢʠ ʚ ʚʠʜʝ ʧʝʨʝʚʸʨʥʫʪʦʡ ʙʫʢʚʳ çʄè, 

ʩʦʟʜʘʥʥʳʝ ʤʝʪʦʜʦʤ ʘʧʧʣʠʢʘʮʠʠ ʠʟ ʪʢʘʥʠ ʢʦʥʪʨʘʩʪʥʦʛʦ ʙʦʨʜʦʚʦʛʦ ʮʚʝʪʘ. ʆʥʠ ʦʙʨʘʟʫʶʪ ʯʸʪʢʠʡ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʨʠʪʤ, ʚʠʟʫʘʣʴʥʦ ʬʦʨʤʠʨʫʶʱʠʡ ʩʠʣʫʵʪ ʚ ʚʠʜʝ ʩʪʨʝʣʳ, ʥʘʧʨʘʚʣʝʥʥʦʡ ʚʚʝʨʭ ï 

ʢʘʢ ʤʝʪʘʬʦʨʫ ʚʦʩʭʦʞʜʝʥʠʷ, ʩʠʣʳ ʠ ʩʘʤʦʦʧʨʝʜʝʣʝʥʠʷ. ʊʘʢʦʝ ʨʝʰʝʥʠʝ ʫʩʠʣʠʚʘʝʪ ʚʝʨʪʠʢʘʣʴ 

ʬʠʛʫʨʳ ʠ ʧʦʜʯʸʨʢʠʚʘʝʪ ʘʨʭʠʪʝʢʪʫʨʥʦʩʪʴ ʢʦʤʧʦʟʠʮʠʠ. ʆʙʨʘʟ Replica ʦʙʨʘʱʘʝʪʩʷ ʢ ʪʝʤʝ 

ʧʝʨʝʦʩʤʳʩʣʝʥʠʷ ʚʠʟʫʘʣʴʥʳʭ ʢʦʜʦʚ ʘʚʘʥʛʘʨʜʘ ʠ ʠʭ ʧʝʨʝʚʦʜʘ ʚ ʧʦʚʩʝʜʥʝʚʥʫʶ ʦʜʝʞʜʫ. ɺ ʦʩʥʦʚʝ 

ʢʦʤʧʦʟʠʮʠʠ ï ʠʜʝʷ ʜʠʘʣʦʛʘ ʤʝʞʜʫ ʦʨʠʛʠʥʘʣʦʤ ʠ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʝʤ, ʤʝʞʜʫ ʠʩʪʦʨʠʯʝʩʢʠʤ 

ʠʩʪʦʯʥʠʢʦʤ ʠ ʩʦʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʝʡ. ʎʝʥʪʨʘʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ ʩʣʫʞʠʪ ʧʨʠʥʪ ʥʘ 

ʬʫʪʙʦʣʢʝ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʩʪʠʣʠʟʦʚʘʥʥʳʡ ʬʨʘʛʤʝʥʪ ʪʠʧʦʛʨʘʬʠʯʝʩʢʦʛʦ ʧʣʘʢʘʪʘ 1920-ʭ 

ʛʦʜʦʚ, ʚʳʧʦʣʥʝʥʥʳʡ ʚ ʵʩʪʝʪʠʢʝ ʨʫʩʩʢʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʠʟʤʘ. 

ʇʨʠʥʪ ʚʢʣʶʯʘʝʪ ʘʙʩʪʨʘʛʠʨʦʚʘʥʥʳʝ ʬʦʨʤʳ ʙʫʢʚ, ʧʦʩʪʨʦʝʥʥʳʝ ʥʘ ʧʨʠʥʮʠʧʝ ʦʩʝʚʦʡ 

ʩʠʤʤʝʪʨʠʠ ʠ ʢʦʥʪʨʘʩʪʥʦʛʦ ʨʠʪʤʘ. ʆʥ ʚʦʩʧʨʠʥʠʤʘʝʪʩʷ ʢʘʢ ʚʠʟʫʘʣʴʥʘʷ ʮʠʪʘʪʘ, ʥʦ ʧʨʠ ʵʪʦʤ 

ʩʪʘʥʦʚʠʪʩʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʤ ʭʫʜʦʞʝʩʪʚʝʥʥʳʤ ʦʙʲʝʢʪʦʤ. ɺ ʢʦʤʧʦʟʠʮʠʠ ʧʨʠʥʪʘ ʩʦʭʨʘʥʷʶʪʩʷ 

ʵʣʝʤʝʥʪʳ ʢʨʘʩʥʦʛʦ, ʯʸʨʥʦʛʦ ʠ ʙʝʣʦʛʦ ï ʢʣʶʯʝʚʳʝ ʮʚʝʪʘ ʘʚʘʥʛʘʨʜʥʦʡ ʧʘʣʠʪʨʳ, 

ʧʦʜʯʸʨʢʠʚʘʶʱʠʝ ʩʚʷʟʴ ʢʦʣʣʝʢʮʠʠ ʩ ʢʫʣʴʪʫʨʥʳʤ ʥʘʩʣʝʜʠʝʤ. ʆʙʨʘʟ ç!è ʷʚʣʷʝʪʩʷ ʬʠʥʘʣʴʥʦʡ 

ʪʦʯʢʦʡ ʢʦʣʣʝʢʮʠʠ ʠ ʩʠʤʚʦʣʠʟʠʨʫʝʪ ʢʫʣʴʤʠʥʘʮʠʶ ʠʜʝʠ ï ʤʦʤʝʥʪ ʘʢʮʝʥʪʘ, ʫʪʚʝʨʞʜʝʥʠʷ ʠ 

ʵʤʦʮʠʦʥʘʣʴʥʦʡ ʩʠʣʳ. ɺ ʢʦʥʩʪʨʫʢʮʠʠ ʧʘʣʴʪʦ ʛʨʘʬʝʤʘ ç!è ʧʝʨʝʦʩʤʳʩʣʝʥʘ ʢʘʢ ʚʝʨʪʠʢʘʣʴʥʘʷ 

ʜʦʤʠʥʘʥʪʘ, ʧʨʦʭʦʜʷʱʘʷ ʯʝʨʝʟ ʚʝʩʴ ʩʠʣʫʵʪ, ʠ ʬʦʨʤʠʨʫʶʱʘʷ ʦʱʫʱʝʥʠʝ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʠ 

ʚʥʫʪʨʝʥʥʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʬʦʨʤʳ [13]. 

ʎʝʥʪʨʘʣʴʥʘʷ ʦʩʴ ʢʦʤʧʦʟʠʮʠʠ ʚʳʨʘʞʝʥʘ ʢʦʥʪʨʘʩʪʦʤ ʮʚʝʪʦʚ: ʯʸʨʥʘʷ ʚʝʨʪʠʢʘʣʴ ʥʘ ʬʦʥʝ 

ʙʦʨʜʦʚʳʭ ʧʘʥʝʣʝʡ ʚʠʟʫʘʣʴʥʦ ʚʦʩʧʨʦʠʟʚʦʜʠʪ ʩʪʨʫʢʪʫʨʫ ʟʥʘʢʘ. ʕʪʦ ʨʝʰʝʥʠʝ ʟʘʜʘʸʪ ʩʪʨʦʛʫʶ 

ʩʠʤʤʝʪʨʠʶ ʠ ʫʩʠʣʠʚʘʝʪ ʨʠʪʤ ʢʦʣʣʝʢʮʠʠ. ɻʦʨʠʟʦʥʪʘʣʴʥʳʝ ʚʩʪʘʚʢʠ, ʠʤʠʪʠʨʫʶʱʠʝ çʪʦʯʢʫè 

ʚʦʩʢʣʠʮʘʪʝʣʴʥʦʛʦ ʟʥʘʢʘ, ʟʘʤʳʢʘʶʪ ʢʦʤʧʦʟʠʮʠʶ, ʧʦʜʯʸʨʢʠʚʘʷ ʘʨʭʠʪʝʢʪʫʨʥʫʶ ʟʘʚʝʨʰʸʥʥʦʩʪʴ 

ʩʠʣʫʵʪʘ. 

ʆʙʨʘʟ çʅè ʦʩʥʦʚʘʥ ʥʘ ʧʨʠʥʮʠʧʝ ʧʦʚʪʦʨʷʶʱʝʛʦʩʷ ʨʠʪʤʘ ʠ ʦʪʨʘʞʘʝʪ ʠʜʝʶ ʫʩʪʦʡʯʠʚʦʩʪʠ, 

ʩʠʤʤʝʪʨʠʠ ʠ ʨʘʚʥʦʚʝʩʠʷ. ɻʨʘʬʝʤʘ çʅè, ʠʤʝʶʱʘʷ ʯʸʪʢʫʶ ʚʝʨʪʠʢʘʣʴʥʦ-ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ 
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ʩʪʨʫʢʪʫʨʫ, ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥʘ ʯʝʨʝʟ ʧʨʠʥʪ ʢʘʢ ʤʦʜʫʣʴ, ʬʦʨʤʠʨʫʶʱʠʡ ʚʠʟʫʘʣʴʥʫʶ ʪʢʘʥʴ 

ʠʟʜʝʣʠʷ. ʇʦʚʪʦʨ ʙʫʢʚʳ ʩʦʟʜʘʸʪ ʦʨʥʘʤʝʥʪ, ʢʦʪʦʨʳʡ ʚʦʩʧʨʠʥʠʤʘʝʪʩʷ ʥʝ ʢʘʢ ʪʝʢʩʪ, ʘ ʢʘʢ 

ʧʣʘʩʪʠʯʝʩʢʠʡ ʫʟʦʨ, ʚʳʩʪʨʦʝʥʥʳʡ ʧʦ ʟʘʢʦʥʘʤ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʢʦʤʧʦʟʠʮʠʠ [12]. 

ʇʨʠʥʪ ʨʘʟʨʘʙʦʪʘʥ ʚ ʮʠʬʨʦʚʦʤ ʬʦʨʤʘʪʝ ʠ ʧʝʨʝʥʝʩʸʥ ʤʝʪʦʜʦʤ ʪʝʨʤʦʪʨʘʥʩʬʝʨʥʦʡ ʧʝʯʘʪʠ 

ʥʘ ʙʝʣʫʶ ʦʩʥʦʚʫ. ʂʦʥʪʨʘʩʪ ʯʸʨʥʦʛʦ ʠ ʙʦʨʜʦʚʦʛʦ ʦʪʪʝʥʢʦʚ ʥʘ ʥʝʡʪʨʘʣʴʥʦʤ ʬʦʥʝ ʫʩʠʣʠʚʘʝʪ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʵʬʬʝʢʪ ʠ ʧʦʜʯʸʨʢʠʚʘʝʪ ʛʨʘʬʠʯʝʩʢʫʶ ʧʨʠʨʦʜʫ ʢʦʣʣʝʢʮʠʠ. ʈʠʪʤʠʯʝʩʢʦʝ 

ʯʝʨʝʜʦʚʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʬʦʨʤʠʨʫʝʪ ʦʧʪʠʯʝʩʢʦʝ ʜʚʠʞʝʥʠʝ ʧʦ ʚʝʨʪʠʢʘʣʠ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ 

ʩʪʘʪʠʯʥʳʡ ʩʠʣʫʵʪ ʧʨʠʦʙʨʝʪʘʝʪ ʚʥʫʪʨʝʥʥʶʶ ʜʠʥʘʤʠʢʫ. ʆʙʨʘʟ çɸè ʚʦʧʣʦʱʘʝʪ ʠʜʝʶ ʙʫʢʚʳ ʢʘʢ 

ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʢʘʨʢʘʩʘ ʢʦʩʪʶʤʘ. ɻʨʘʬʝʤʘ çɸè ʚʳʙʨʘʥʘ ʟʘ ʝʸ ʯʸʪʢʫʶ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ 

ʩʪʨʫʢʪʫʨʫ, ʦʩʥʦʚʘʥʥʫʶ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʚʝʨʪʠʢʘʣʠ ʠ ʜʠʘʛʦʥʘʣʝʡ, ʢʦʪʦʨʳʝ ʬʦʨʤʠʨʫʶʪ 

ʦʱʫʱʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʚʥʫʪʨʝʥʥʝʛʦ ʨʘʚʥʦʚʝʩʠʷ. ʕʪʠ ʧʨʠʥʮʠʧʳ ʧʝʨʝʚʝʜʝʥʳ ʚ ʢʦʥʩʪʨʫʢʮʠʶ 

ʠʟʜʝʣʠʷ: ʣʠʥʠʠ ʢʨʦʷ ʧʦʚʪʦʨʷʶʪ ʦʯʝʨʪʘʥʠʷ ʙʫʢʚʳ, ʩʦʟʜʘʚʘʷ ʨʠʪʤ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʬʦʨʤʳ [6]. 

ʉʠʣʫʵʪ ʧʦʩʪʨʦʝʥ ʧʦ ʧʨʠʥʮʠʧʫ ʢʦʥʪʨʘʩʪʘ ʩʪʘʪʠʯʥʦʛʦ ʠ ʜʠʥʘʤʠʯʥʦʛʦ. ɺʝʨʭ ʚʳʧʦʣʥʝʥ ʠʟ 

ʧʣʦʪʥʦʛʦ ʙʦʨʜʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʟʘʜʘʶʱʝʛʦ ʞʸʩʪʢʫʶ ʬʦʨʤʫ ʧʣʝʯʝʚʦʛʦ ʧʦʷʩʘ. ʏʸʨʥʦ-ʢʨʘʩʥʘʷ 

ʚʝʨʪʠʢʘʣʴʥʘʷ ʚʩʪʘʚʢʘ ʥʘ ʧʝʨʝʜʥʝʡ ʯʘʩʪʠ ʠʟʜʝʣʠʷ ʠʥʪʝʨʧʨʝʪʠʨʫʝʪ ʮʝʥʪʨʘʣʴʥʳʡ ʩʪʝʨʞʝʥʴ ʙʫʢʚʳ 

çɸè ʠ ʩʪʘʥʦʚʠʪʩʷ ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʜʦʤʠʥʘʥʪʦʡ. ɹʝʣʘʷ ʩʦʨʦʯʢʘ, ʚʠʜʠʤʘʷ ʚʥʠʟʫ ʠ ʧʦ ʨʫʢʘʚʘʤ, 

ʜʦʙʘʚʣʷʝʪ ʧʣʘʩʪʠʯʝʩʢʦʡ ʣʸʛʢʦʩʪʠ ʠ ʩʦʟʜʘʸʪ ʦʱʫʱʝʥʠʝ ʩʣʦʠʩʪʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ. 

ɺʳʚʦʜ 

ʇʨʦʚʝʜʸʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʜʪʚʝʨʜʠʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʩʤʦʪʨʝʥʠʷ ʢʠʨʠʣʣʠʮʳ ʢʘʢ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʭʫʜʦʞʝʩʪʚʝʥʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʛʦ ʨʝʩʫʨʩʘ ʩʦʚʨʝʤʝʥʥʦʛʦ ʜʠʟʘʡʥʘ ʢʦʩʪʶʤʘ. 

ɺ ʧʨʦʮʝʩʩʝ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʛʨʘʬʝʤʳ ʢʠʨʠʣʣʠʯʝʩʢʦʛʦ ʘʣʬʘʚʠʪʘ 

ʦʙʣʘʜʘʶʪ ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʥʦʡ ʦʨʛʘʥʠʟʦʚʘʥʥʦʩʪʴʶ, ʚʳʨʘʞʝʥʥʦʡ ʚ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʭ 

ʚʝʨʪʠʢʘʣʝʡ, ʜʠʘʛʦʥʘʣʝʡ ʠ ʧʨʦʧʦʨʮʠʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ 

ʧʨʦʝʢʪʥʦʛʦ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ. ʆʙʨʘʱʝʥʠʝ ʢ ʵʩʪʝʪʠʯʝʩʢʠʤ ʧʨʠʥʮʠʧʘʤ ʨʫʩʩʢʦʛʦ ʘʚʘʥʛʘʨʜʘ ʠ 

ʢʦʥʩʪʨʫʢʪʠʚʠʟʤʘ 1920-ʭ ʛʦʜʦʚ ʦʙʝʩʧʝʯʠʣʦ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʧʨʝʜʣʘʛʘʝʤʦʛʦ 

ʧʦʜʭʦʜʘ [17].  

ʅʘ ʵʩʢʠʟʥʦ-ʧʨʦʝʢʪʥʦʤ ʵʪʘʧʝ ʨʘʟʨʘʙʦʪʘʥʘ ʩʠʩʪʝʤʘ ʭʫʜʦʞʝʩʪʚʝʥʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʛʨʘʬʝʤ, ʚʢʣʶʯʘʶʱʘʷ ʧʨʠʸʤʳ ʛʝʦʤʝʪʨʠʟʘʮʠʠ, ʤʦʜʫʣʷʨʥʦʩʪʠ ʠ ʨʠʪʤʠʯʝʩʢʦʡ 

ʦʨʛʘʥʠʟʘʮʠʠ ʬʦʨʤʳ. ʇʨʘʢʪʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʧʨʦʚʝʜʝʥʘ ʚ ʚʠʜʝ ʘʚʪʦʨʩʢʦʡ ʢʦʣʣʝʢʮʠʠ 

çʂʠʨʠʣʣʠʮʘè, ʦʙʲʝʜʠʥʷʶʱʝʡ ʩʝʤʴ ʦʙʨʘʟʦʚ, ʚʳʧʦʣʥʝʥʥʳʭ ʚ ʤʘʪʝʨʠʘʣʝ. ʂʘʞʜʳʡ ʠʟ ʥʠʭ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʙʫʢʚʝʥʥʦʛʦ ʟʥʘʢʘ ʚ ʢʦʥʩʪʨʫʢʮʠʶ ʢʦʩʪʶʤʘ, ʛʜʝ ʣʠʥʠʠ ʢʨʦʷ, 

ʯʣʝʥʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʮʚʝʪʦʚʳʝ ʢʦʥʪʨʘʩʪʳ ʩʦʦʪʥʦʩʷʪʩʷ ʩ ʛʨʘʬʠʯʝʩʢʦʡ ʣʦʛʠʢʦʡ ʰʨʠʬʪʘ [1]. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʧʦʪʝʥʮʠʘʣʝ ʢʠʨʠʣʣʠʯʝʩʢʦʛʦ ʧʠʩʴʤʘ ʢʘʢ 

ʠʥʩʪʨʫʤʝʥʪʘ ʧʨʦʝʢʪʥʦʛʦ ʤʳʰʣʝʥʠʷ ʚ ʜʠʟʘʡʥʝ ʢʦʩʪʶʤʘ. ʇʨʝʜʣʦʞʝʥʥʘʷ ʤʝʪʦʜʠʢʘ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʥʦʚʦʛʦ ʚʠʟʫʘʣʴʥʦʛʦ ʷʟʳʢʘ, ʩʦʝʜʠʥʷʶʱʝʛʦ ʪʨʘʜʠʮʠʶ ʠ ʩʦʚʨʝʤʝʥʥʦʩʪʴ, ʘ ʪʘʢʞʝ 

ʨʘʩʰʠʨʷʝʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʥʘʮʠʦʥʘʣʴʥʦʤ ʢʫʣʴʪʫʨʥʦʤ ʢʦʜʝ ʚ ʢʦʥʪʝʢʩʪʝ ʘʢʪʫʘʣʴʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʡ fashion-ʜʠʟʘʡʥʘ.  
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Abstract. Significant overlap in the symptoms of viral infections creates challenges for 

differential diagnosis, which is crucial for clinical case management and pandemic control. Data on 

the epidemiological characteristics of acute respiratory viral infections and COVID-19, the diagnostic 

capabilities of both syndromes, and the healthcare system's capacity to treat these diseases in India 

and Kyrgyzstan were collected and compared. Two key findings include significant overlap in 

symptoms (fever and cough), anosmia, and ageusia, which are more specific to COVID-19 but 

insensitive for diagnosing other diseases. The data also show that both countries experienced 

significant shortages in PCR testing capacity during the peak COVID-19 outbreaks, forcing them to 

adopt clinical diagnostics. India pursued a strategy of rapidly increasing the number of available tests 

using rapid antigen tests, while Kyrgyzstan faced significant challenges related to supply chain 

management. Access to diagnostic services varied sharply between urban and rural areas in both India 

and Kyrgyzstan. Such purely clinical differentiation is unreliable in resource-limited settings. 

Decentralized testing networks must be strengthened with affordable rapid tests, the implementation 

of context-specific clinical algorithms, and investment in training frontline healthcare workers. 

Indeed, a syndromic approach to epidemiological surveillance of multiple pathogens offers a path to 

future preparedness. 

 

ɸʥʥʦʪʘʮʠʷ ɿʥʘʯʠʪʝʣʴʥʦʝ ʩʦʚʧʘʜʝʥʠʝ ʩʠʥʜʨʦʤʦʚ ʤʝʞʜʫ ʚʠʨʫʩʥʳʤʠ ʠʥʬʝʨʢʮʠʷʤʠ 

ʩʦʟʜʘʝʪ ʧʨʦʙʣʝʤʳ ʜʣʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ, ʯʪʦ ʠʤʝʝʪ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʚ 

ʢʣʠʥʠʯʝʩʢʦʤ ʚʝʜʝʥʠʠ ʩʣʫʯʘʝʚ ʠ ʢʦʥʪʨʦʣʝ ʧʘʥʜʝʤʠʡ. ʉʦʙʨʘʥʳ ʠ ʩʦʧʦʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʦʙ 

ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʆʈɺʀ ʠ COVID-19, ʜʠʘʛʥʦʩʪʠʢʝ ʦʙʦʠʭ ʵʪʠʭ ʩʠʥʜʨʦʤʦʚ 

ʠ ʚʦʟʤʦʞʥʦʩʪʷʭ ʩʠʩʪʝʤʳ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʧʦ ʣʝʯʝʥʠʶ ʵʪʠʭ ʟʘʙʦʣʝʚʘʥʠʡ ʚ ʀʥʜʠʠ ʠ 

ʂʳʨʛʳʟʩʪʘʥʝ. ɼʚʘ ʦʩʥʦʚʥʳʭ ʚʳʚʦʜʘ ʚʢʣʶʯʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʦʚʧʘʜʝʥʠʝ ʩʠʤʧʪʦʤʦʚ 
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(ʣʠʭʦʨʘʜʢʘ ʠ ʢʘʰʝʣʴ), ʘʥʦʩʤʠʶ ʠ ʘʛʝʫʟʠʶ, ʢʦʪʦʨʳʝ ʙʦʣʝʝ ʩʧʝʮʠʬʠʯʥʳ ʜʣʷ COVID-19, ʥʦ ʥʝ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʜʨʫʛʠʭ ʟʘʙʦʣʝʚʘʥʠʡ. ɼʘʥʥʳʝ ʪʘʢʞʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʦʙʝʠʭ 

ʩʪʨʘʥʘʭ ʚʦ ʚʨʝʤʷ ʧʠʢʦʚʳʭ ʚʩʧʳʰʝʢ COVID-19 ʥʘʙʣʶʜʘʣʩʷ ʟʥʘʯʠʪʝʣʴʥʳʡ ʜʝʬʠʮʠʪ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʇʎʈ-ʪʝʩʪʠʨʦʚʘʥʠʷ, ʯʪʦ ʚʳʥʫʜʠʣʦ ʦʙʝ ʩʪʨʘʥʳ ʧʨʠʥʷʪʴ ʢʣʠʥʠʯʝʩʢʫʶ 

ʜʠʘʛʥʦʩʪʠʢʫ. ʀʥʜʠʷ ʧʨʠʤʝʥʷʣʘ ʩʪʨʘʪʝʛʠʶ ʙʳʩʪʨʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʜʦʩʪʫʧʥʳʭ ʪʝʩʪʦʚ 

ʩ ʧʦʤʦʱʴʶ ʵʢʩʧʨʝʩʩ-ʪʝʩʪʦʚ ʥʘ ʘʥʪʠʛʝʥʳ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʂʳʨʛʳʟʩʪʘʥ ʩʪʦʣʢʥʫʣʩʷ ʩ ʙʦʣʴʰʠʤʠ 

ʧʨʦʙʣʝʤʘʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʫʧʨʘʚʣʝʥʠʝʤ ʮʝʧʦʯʢʘʤʠ ʧʦʩʪʘʚʦʢ. ɼʦʩʪʫʧ ʢ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʤ 

ʫʩʣʫʛʘʤ ʨʝʟʢʦ ʨʘʟʣʠʯʘʣʩʷ ʤʝʞʜʫ ʛʦʨʦʜʩʢʠʤʠ ʠ ʩʝʣʴʩʢʠʤʠ ʨʝʛʠʦʥʘʤʠ ʢʘʢ ʚ ʀʥʜʠʠ, ʪʘʢ ʠ ʚ 

ʂʳʨʛʳʟʩʪʘʥʝ. ʊʘʢʘʷ ʯʠʩʪʦ ʢʣʠʥʠʯʝʩʢʘʷ ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ ʥʝʥʘʜʝʞʥʘ ʚ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʥʳʭ 

ʨʝʩʫʨʩʦʚ. ʅʝʦʙʭʦʜʠʤʦ ʫʢʨʝʧʣʷʪʴ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʝ ʩʝʪʠ ʪʝʩʪʠʨʦʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ 

ʜʦʩʪʫʧʥʳʭ ʵʢʩʧʨʝʩʩ-ʪʝʩʪʦʚ, ʚʥʝʜʨʝʥʠʷ ʢʦʥʪʝʢʩʪʥʦ-ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʢʣʠʥʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ ʠ 

ʠʥʚʝʩʪʠʮʠʡ ʚ ʦʙʫʯʝʥʠʝ ʤʝʜʠʮʠʥʩʢʠʭ ʨʘʙʦʪʥʠʢʦʚ ʥʘ ʧʝʨʝʜʦʚʦʡ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʩʠʥʜʨʦʤʥʳʡ 

ʧʦʜʭʦʜ ʢ ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʦʤʫ ʥʘʜʟʦʨʫ ʟʘ ʤʥʦʞʝʩʪʚʝʥʥʳʤʠ ʧʘʪʦʛʝʥʘʤʠ ʧʨʝʜʣʘʛʘʝʪ ʧʫʪʴ ʜʣʷ 

ʙʫʜʫʱʝʡ ʛʦʪʦʚʥʦʩʪʠ. 

 

Keywords: COVID-19, Kyrgyzstan, India. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: COVID-19, ʂʳʨʛʳʟʩʪʘʥ, ʀʥʜʠʷ. 

 

Acute Respiratory Viral Infections (ARVI), including influenza, respiratory syncytial virus 

(RSV), and adenovirus infections, represent a perennial global burden of disease [1, 2].  

The emergence of SARS-CoV-2 and the ensuing COVID-19 pandemic introduced a novel 

pathogen with a clinical presentation often indistinguishable from common ARVIs [3, 4, 12].  

This convergence of syndromic illness creates a significant challenge in regard to diagnostic 

capability. The ability to accurately and promptly determine which infectious disease is present will 

primarily influence the initiation of targeted treatment, the application of recommended infection 

control measures, and will help shape public health responses. By 2024, COVID-19 has accounted 

for >7 million reported fatalities (WHO) while the seasonal influenza virus is estimated to contribute 

to approximately 290,000ï650,000 respiratory deaths worldwide annually [1, 5].  

In many instances, resource-limited countries experience challenges related to laboratory 

infrastructure, availability of reagents and supplies, the ability to find funding to cover costs, and 

locating trained resources [5].  

This presentation identifies two unique, but representative case studies of the above challenge: 

India, with its large population and complex healthcare systems, and Kyrgyzstan, a landlocked 

country in Central Asia that is currently developing a formalised healthcare delivery system [10, 11].  

The primary goal of this study is to bring together existing information regarding these 

challenges to develop pragmatic diagnosis and management recommendations. The specific objective 

is to complete a comparison between the ARVI and COVID-19 diagnostic challenges and responses 

between India and Kyrgyzstan with evidence-based recommendations for health systems with similar 

resource limitations. To gather peer-reviewed literature relevant to this project, the following online 

databases and free-of-charge sources were searched: PubMed, Scopus, and Google Scholar; World 

Health Organization (WHO), Ministries of Health in India and Kyrgyzstan; National Disease 

Surveillance Centres; and various other grey literature sources [6, 7]. 

The following criteria were used to select studies for inclusion in this review: 1) articles or 

reports published between 2020 and April 2024, related to the clinical presentation of ARVI and 

COVID-19; 2) performance of diagnostic tests and access to testing in low-resource settings; 3) 
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National COVID-19 Testing Guidelines and Public Health Response Strategies of India and 

Kyrgyzstan; 4) availability of epidemiological data for ARVI and COVID-19 in India and Kyrgyzstan.  

All studies focused exclusively on vaccine development or therapeutics without information 

pertaining to diagnosis, editorials that did not include primary research data, or articles available only 

in languages other than English or Russian were excluded from the review [8]. 

A standardized template was used to extract data related to the epidemiology of COVID-19 and 

ARVI, the various types of diagnostic modalities and sensitivity/specificity of testing methodologies 

utilized, health system capacity indicators, and the policy responses of health systems in India versus 

Kyrgyzstan. The analysis was conducted using a health systems framework to allow for comparisons 

to be made between the two countries. 

This project did not require ethical approval given that the research methods involved a review 

of previously published literature as well as publicly available resources and materials. Time frame: 

Literature and data from the period between January 2020 and March 2024 have been collated to 

represent the pandemic and post-pandemic phases [9]. 

Both ARVI and COVID-19 have common symptoms such as fever, cough, and fatigue, which 

occur in approximately 68-85%, 60-80%, and 35-70% of people respectively [12].  

Anosmia/ageusia has a stronger correlation to COVID-19; however, you may see these 

symptoms in other ARVIs. There is a greater extent of lower respiratory tract involvement and 

associated pro-inflammatory complications such as thromboembolism for COVID-19, as compared 

to ARVIs.  

Epidemiology of COVID-19 and ARVIs in the Study Locations. In India, as a result of the delta 

variant wave in 2020-21, COVID-19 test positivity had exceeded 20% and many systems were 

inundated with patients. Kyrgyzstan experienced some of the highest per capita mortality rates in the 

region in July 2020 and early 2021 as a result of multiple waves of severe COVID-19. 

Diagnostics and Limitations: 

Å Gold Standard (RT-PCR) ï Sensitivity = 70-98%. Both were severely affected by the lack of 

reagents, swabs, and a functioning PCR machine during the peak of the waves. During this time, India 

increased its testing capability to ~2,500 testing labs but had much lower per capita testing access in 

rural regions. Kyrgyzstan had a limited number of reference labs with the majority located in Bishkek 

and many times had delays exceeding 72 hours for return of results. 

Å Rapid Antigen Tests (RATs) ï Sensitivity ranged between ~50% and ~90% but have good 

specificity. India has used RATs to screen for COVID-19 in large amounts. Kyrgyzstan had slow 

deployment of RATs due to procurement issues and limited funding. 

Å Clinical Diagnosis ï Became the primary method of diagnosis for many peripheral health 

centers, using adapted versions of the WHO COVID-19 Case Definition. 

Comparative Country Analysis Perspective: India used its large private sector and domestic 

manufacturing base to increase its testing capacity; however, India has very large urban-rural 

disparities and interstate disparities. The ñIndian Council of Medical Research ï Advisoryò for who 

and when to test developed over time and, at times, caused confusion among healthcare providers. 

Kyrgyzstan was very dependent on international aid and multilateral organizations (e.g. WHO and 

World Bank) for test kits and equipment (Table). 

According to this research, in resource-limited countries such as India and Kyrgyzstan, 

diagnostic capacity is often dictated more by health system capacity than clinical judgement. The 

rapid mobilization of resources in India demonstrated the potential of a mixed public/private model 

leveraging domestic production. However, significant equity issues persisted. Conversely, 

Kyrgyzstanôs experience highlights the fragility of centralized, aid-dependent health systems during 

a global emergency. 
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The health care systems in both countries relied heavily upon clinical diagnoses, leading to both 

over-diagnosis and under-diagnosis with significant implications for patient management and 

transmission dynamics. 

This comparison provides a common, important lesson about pandemic preparedness ï the need 

for decentralised diagnostic capabilities. The primary limitation of the study is that the official health 

data for both countries may be unrepresentative due to being incomplete, particularly during the peak 

of the outbreak. 

The clinical and public health importance of rapid testing underscores the need for healthcare 

professionals to use all available testing options [8]. 

The next logical step is to provide primary healthcare centres with multiplex rapid antigen tests 

(RAT). Public health recommendations include: (1) Investing in Integrated Surveillance Systems; (2) 

Creating Contextual Algorithms for healthcare providers; (3) Establishing Regional Stock Pilots for 

greater resilience. Future studies should evaluate the cost-effectiveness of multiplex RATs and 

examine the role of AI-driven clinical decision support systems in low-resource settings. 

 

Table 

COMPARATIVE SNAPSHOT OF DIAGNOSTIC CHALLENGES, 2020-2022 

 

Feature India Kyrgyzstan 

Peak PCR Testing Capacity (per day) ~2 million ~5000 

Primary Diagnostic Triage during Shortages ICMR Criteria + RAT Clinical syndromic diagnosis 

(SARI/ARI) 

Key Urban Rural Access Barrier Distance to labs, cost in 

private sector  

Transportation logistics, 

centralized labs 

Major Supply Constraint  Fluctuating reagent 

supply chains 

Donor dependency for kits 

and equipment  

Use of Clinical Algorithms  Modified WHO case 

definition  

National protocol for SARI 

management  

 

Conclusion 

The pandemic has highlighted shortages of existing resources; both India and Kyrgyzstan have 

struggled to differentiate ARVI from COVID-19 diagnostics. Each country developed a system that 

fails to sufficiently close the gap between equity and access. Therefore, future strategies must focus 

on developing a comprehensive, inexpensive, and decentralised respiratory virus surveillance and 

diagnostic methodology. This paper offers a comparative view that demonstrates how diagnostic 

equity provides a basis for an effective and equitable response model to multiple respiratory 

pandemics. 
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Abstract. Non-infectious rashes often mimic infectious etiologies and are, therefore, a source 

of diagnostic difficulty, treatment delays, and mismanagement. The clinical overlap is due to 

similarities in morphology, systemic symptoms, and patterns of distribution. This article provides an 

in-depth scholarly review of the non-infectious disorders that clinically resemble infectious 

dermatologic diseases and includes drug eruptions, autoimmune disorders, allergic reactions, vascular 

pathologies, genetic syndromes, and environmental causes. Using a narrative review-based 

methodological approach, clinical presentation, diagnosis-related pitfalls, differential features, and 

modern investigative techniques are discussed. The findings highlight the need for early consideration 

of non-infectious mimickers in clinical assessment to avoid unnecessary use of antimicrobials and 

adverse consequences. Recommendations for practitioners relate to structured diagnostic algorithms, 

increased dermatology training, collaboration across medical disciplines, and refined clinical 

guidelines. 

 

ɸʥʥʦʪʘʮʠʷ. ʅʝʠʥʬʝʢʮʠʦʥʥʳʝ ʚʳʩʳʧʘʥʠʷ ʯʘʩʪʦ ʠʤʠʪʠʨʫʶʪ ʠʥʬʝʢʮʠʦʥʥʳʝ ʟʘʙʦʣʝʚʘʥʠʷ 

ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʷʚʣʷʶʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʪʨʫʜʥʦʩʪʝʡ ʚ ʜʠʘʛʥʦʩʪʠʢʝ, ʟʘʜʝʨʞʝʢ ʚ ʣʝʯʝʥʠʠ ʠ 

ʥʝʧʨʘʚʠʣʴʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʪʝʨʘʧʠʠ. ʂʣʠʥʠʯʝʩʢʦʝ ʩʭʦʜʩʪʚʦ ʦʙʫʩʣʦʚʣʝʥʦ ʩʭʦʞʝʩʪʴʶ ʤʦʨʬʦʣʦʛʠʠ, 

ʩʠʩʪʝʤʥʳʭ ʩʠʤʧʪʦʤʦʚ ʠ ʭʘʨʘʢʪʝʨʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥ 

ʫʛʣʫʙʣʝʥʥʳʡ ʥʘʫʯʥʳʡ ʦʙʟʦʨ ʥʝʠʥʬʝʢʮʠʦʥʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʢʦʪʦʨʳʝ ʢʣʠʥʠʯʝʩʢʠ ʥʘʧʦʤʠʥʘʶʪ 

ʠʥʬʝʢʮʠʦʥʥʳʝ ʜʝʨʤʘʪʦʣʦʛʠʯʝʩʢʠʝ ʟʘʙʦʣʝʚʘʥʠʷ, ʚʢʣʶʯʘʷ ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʚʳʩʳʧʘʥʠʷ, 

ʘʫʪʦʠʤʤʫʥʥʳʝ ʟʘʙʦʣʝʚʘʥʠʷ, ʘʣʣʝʨʛʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ, ʩʦʩʫʜʠʩʪʳʝ ʧʘʪʦʣʦʛʠʠ, ʛʝʥʝʪʠʯʝʩʢʠʝ 

ʩʠʥʜʨʦʤʳ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʠʯʠʥʳ. ʆʙʩʫʞʜʘʶʪʩʷ ʢʣʠʥʠʯʝʩʢʘʷ ʢʘʨʪʠʥʘ, ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ 

ʦʰʠʙʢʠ, ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʜʠʘʛʥʦʩʪʠʢʘ ʠ ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ 

ʧʦʜʯʝʨʢʠʚʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʥʥʝʛʦ ʨʘʩʩʤʦʪʨʝʥʠʷ ʥʝʠʥʬʝʢʮʠʦʥʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, 
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ʠʤʠʪʠʨʫʶʱʠʭ ʠʥʬʝʢʮʠʦʥʥʳʝ, ʧʨʠ ʢʣʠʥʠʯʝʩʢʦʡ ʦʮʝʥʢʝ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʥʝʥʫʞʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ. 

ʈʝʢʦʤʝʥʜʘʮʠʠ ʜʣʷ ʧʨʘʢʪʠʢʫʶʱʠʭ ʚʨʘʯʝʡ ʢʘʩʘʶʪʩʷ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ 

ʘʣʛʦʨʠʪʤʦʚ, ʧʦʚʳʰʝʥʠʷ ʢʚʘʣʠʬʠʢʘʮʠʠ ʜʝʨʤʘʪʦʣʦʛʦʚ, ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʤʝʞʜʫ ʤʝʜʠʮʠʥʩʢʠʤʠ 

ʜʠʩʮʠʧʣʠʥʘʤʠ ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʭ ʢʣʠʥʠʯʝʩʢʠʭ ʨʫʢʦʚʦʜʩʪʚ. 

 

Keywords: non-infectious rash, infectious mimickers, dermatologic differential diagnosis, 

autoimmune rash, drug eruptions, allergic dermatitis, vasculitis, morbilliform eruption, diagnostic 

pitfalls, dermatology. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʝʠʥʬʝʢʮʠʦʥʥʘʷ ʩʳʧʴ, ʠʥʬʝʢʮʠʦʥʥʳʝ ʠʤʠʪʘʪʦʨʳ, ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ 

ʜʠʘʛʥʦʩʪʠʢʘ ʚ ʜʝʨʤʘʪʦʣʦʛʠʠ, ʘʫʪʦʠʤʤʫʥʥʘʷ ʩʳʧʴ, ʣʝʢʘʨʩʪʚʝʥʥʘʷ ʩʳʧʴ, ʘʣʣʝʨʛʠʯʝʩʢʠʡ 

ʜʝʨʤʘʪʠʪ, ʚʘʩʢʫʣʠʪ, ʢʦʨʝʧʦʜʦʙʥʘʷ ʩʳʧʴ, ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʦʰʠʙʢʠ, ʜʝʨʤʘʪʦʣʦʛʠʷ. 

 

Skin rashes are among the most frequent reasons patients seek medical attention, appearing 

across all age groups and healthcare settings. While infections are commonly considered the primary 

cause, many rashes are, in fact, non-infectious and closely resemble infectious diseases in appearance, 

pattern, and associated symptoms such as fever, fatigue, or swelling [1]. 

Because of this similarity, clinicians often face difficulty in making an accurate diagnosis during 

the initial assessment [2]. 

The challenge arises from the skinôs limited range of inflammatory responses. Different disease 

processesðwhether infectious, allergic, autoimmune, or drug-relatedðcan activate similar immune 

pathways, leading to overlapping clinical features including redness, maculopapular eruptions, 

vesicles, and purpuric lesions [3].  

In busy clinical environments, these similarities may prompt an assumption of infection, 

particularly when rapid decisions are required [4]. 

Misinterpreting a non-infectious rash as an infectious one can have serious consequences. 

Patients may be exposed to unnecessary antibiotics or antiviral medications, increasing the risk of 

adverse drug effects and contributing to the global problem of antimicrobial resistance [5].  

At the same time, failure to recognize non-infectious conditions such as autoimmune diseases 

or severe drug reactions may delay appropriate treatment and allow potentially dangerous 

complications to develop [6]. 

Several non-infectious disorders, including medication-induced eruptions, allergic reactions, 

inflammatory dermatoses, and vasculitic syndromes, are well known for their ability to imitate classic 

infectious rashes such as measles, chickenpox, cellulitis, and meningococcemia [7].  

The presence of systemic features and nonspecific laboratory abnormalities further complicates 

differentiation and increases the likelihood of misdiagnosis [8]. 

As modern medical practice becomes increasingly complex due to polypharmacy, chronic 

disease, and heightened immune dysregulation, the need for improved recognition of non-infectious 

rash mimickers has become more critical. A clearer understanding of these conditions can enhance 

diagnostic accuracy, reduce unnecessary antimicrobial use, and improve patient outcomes. This 

article explores the major non-infectious causes of rashes that mimic infectious diseases, with the aim 

of supporting safer and more effective clinical decision-making [9]. 

Material for this article is based on an academic literature review in dermatology, immunology, 

internal medicine and public awareness survey on Google forms. Specific sources include 

peerreviewed journals, textbooks of dermatology, clinical guidelines, and epidemiological reports 

published within the past twenty years. This review focuses on those non-infectious etiologies that 



ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ / Bulletin of Science and Practice 

https://www.bulletennauki.ru 

ʊ. 12. ˉ3 2026 

https://doi.org/10.33619/2414-2948/124 

 

 ʊʠʧ ʣʠʮʝʥʟʠʠ CC: Attribution 4.0 International (CC BY 4.0) 196 

present with morphologic or symptomatic features similar to infectious rashes. Selection was biased 

toward conditions that are frequently misdiagnosed as infectious diseases in the clinical setting. 

Emphasis was placed on distinguishing features, pathophysiology, and diagnostic strategies. 

Although this is not a systematic review, this methodological approach does allow for comprehensive 

synthesis and contextual interpretation of diverse scholarly evidence in accord with academic 

standards. 

1. Mimicking Phenomena in Dermatology. Rash mimickers arise due to the skin's limited 

repertoire of inflammatory responses. Erythema, scaling, vesiculation, petechiae, and edema can 

result from different pathologic processes yet may appear morphologically identical. Because of this, 

entities that arise from allergic, vascular, autoimmune, and even medication etiologies can clinically 

masquerade as infectious conditions. Medication-induced morbilliform eruptions often have a similar 

presentation to viral exanthems. Similarly, vasculitic purpura can take on an appearance very much 

like meningococcemia. Dermatologic mimicry reflects the shared pathways of cytokine release, 

vascular permeability alterations, and immune-mediated damage. Interleukins, TNF-Ŭ, and 

interferons have been considered the players in the inflammatory cascades observed in both infectious 

and non-infectious conditions. Appreciation of these mechanisms will provide an understanding of 

why the diagnostic confusion persists, even by seasoned clinicians. 

2. Drug-induced rashes mimicking infectious diseases. Drug reactions are one of the most 

significant non-infectious mimickers. Drug-related cutaneous reactions occur in approximately 2-5% 

of hospitalized patients, and the most common are morbilliform eruptions. Morbilliform eruptions 

consist of erythematous macules and papules that have a very close resemblance to viral exanthems 

like measles and rubella. Morbilliform drug eruptions begin 7ï14 days following medication 

exposure and are considered T-cellïmediated hypersensitivity reactions. Maculopapular lesions 

present diffusely and symmetrically, often appearing identical to viral exanthems. Unlike viral 

exanthems, however, drug eruptions tend to coalesce on dependent regions of the body and can remain 

present even after the resolution of systemic findings. 

SJS and TEN can present similarly to life-threatening infectious blistering diseases like 

staphylococcal scalded skin syndrome. SJS/TEN is a drug-induced process characterized by 

widespread epidermal necrosis and typically induced by medications such as anticonvulsants, 

sulfonamides, and NSAIDs. Fever, mucosal involvement, and targetoid lesions often suggest a viral 

etiology to the clinician; however, rapid progression with full-thickness epidermal detachment will 

strongly point toward a drug-induced process. 

Fixed Drug Eruptions Mimicking Herpes Simplex present as sharply demarcated erythematous 

patches, which may blister, and recur at exactly the same site with re-exposure to the causative drug. 

These can resemble localized herpes simplex infections, particularly when occurring on the lips or 

genital region. The absence of viral prodrome and the presence of single, sharply bordered lesions 

support a drug-induced diagnosis [6]. 

Autoimmune and Inflammatory Disorders Masquerading as Infectious Rash. Many 

autoimmune diseases manifest through the skin in a way that makes it appear to be an infectious 

process because of the production of cytokines initiated or resulting from an immune-mediated 

response. Systemic Lupus Erythematosus (SLE). The malar rash of SLE is often mistaken for 

erysipelas due to its erythematous, butterfly-shaped appearance and facial swelling. Unlike bacterial 

erysipelas, SLE rashes spare the nasolabial folds and typically do not have severe tenderness or 

leukocytosis. Dermatomyositis can be disguised in the form of viral exanthems characterized by 

heliotrope rash and Gottron's papules. The periorbital rash resembles allergic dermatitis or cellulitis, 

while generalized erythema may resemble viral eruptions. Guttate psoriasis is mainly characterized 
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by drop-like scaly papules, making it mostly similar to streptococcal infections. The eruption may 

thereby be confused with varicella; this is common in children. 

Allergic and Hypersensitivity Reactions Simulating Infections. Hypersensitivity reactions often 

cause diffuse erythema, vesicles, and pruritus. 

Allergic Contact Dermatitis. Acute contact dermatitis often resembles herpes zoster because of 

the linear vesicular patterns produced by exposure to plants, especially urushiol-induced dermatitis. 

The intense pruritus and typical bilateral distribution, however, differentiate it from infectious causes. 

Urticaria Multiforme. It is similar to erythema multiforme or viral urticaria. It is characterized 

by annular wheals and central clearing, which is often mistaken for fungal infection or erythema 

migrans. 

Vasculitic Disorders Mimicking Infectious Diseases. Vasculitic rashes are among the most 

challenging non-infectious conditions to distinguish from infectious etiologies because they 

frequently present with petechiae, purpura, necrosis, ulceration, fever, malaise, arthralgias, and 

elevated inflammatory markers ð symptoms that strongly resemble bacterial sepsis and viral 

hemorrhagic conditions. Small-vessel vasculitis, in particular, creates cutaneous patterns analogous 

to meningococcemia, especially when lesions appear abruptly and progress rapidly [3]. 

Immune complex vasculitis, formerly known as leukocytoclastic vasculitis, produces 

symmetrical palpable purpura predominantly on lower extremities. Clinically, this resembles 

disseminated intravascular infections that lead to petechial eruptions. However, unlike infectious 

purpura fulminans, vasculitic lesions usually develop more gradually, exhibit less systemic toxicity, 

and may follow medication exposure or autoimmune activation. As previously noted, Henochï

Schºnlein Purpura (HSP), or IgA vasculitis, may be confused with meningococcal septicemia because 

of its purpuric rash. However, HSP predominates in pediatric populations, involves characteristic 

colicky abdominal pain, arthralgia, renal involvement, and follows respiratory infections without 

producing severe shock. A careful review of systemic involvement and absence of severe 

coagulopathy often redirects diagnosis toward a non-infectious etiology. 

Polyarteritis nodosa (PAN) presents with livedo reticularis, tender nodules, and ulcerations, 

occasionally mimicking bacterial cellulitis or deep fungal infections. Skin biopsy is essential for 

distinguishing PAN from infections, as laboratory tests alone are insufficient. Nodules and livedoid 

patterns rarely reflect primary infection, making histopathology indispensable for accurate diagnosis. 

Genetic and Metabolic Disorders Mimicking Infectious Rash. While less frequently mistaken, 

various genetic and metabolic disorders result in rashes that appear similar to viral exanthems or 

bacterial infections. Chronic atopic dermatitis may become acutely erythematous, crusted, and 

exudative, appearing similar to impetigo or eczema herpeticum. Flare-ups triggered by irritants, 

allergens, or stress often result in widespread erythema and scaling analogous to diffuse infectious 

dermatitis. However, atopic dermatitis usually displays a characteristic history of relapsing flares, 

flexural involvement, and intense pruritus. 

The scaling and erythema associated with ichthyosis vulgaris and X-linked ichthyosis may 

occasionally mimic tinea infections. The presence of chronicity, early onset, and generalized 

distribution aids in the differentiation of these genetic causes from localized infectious etiologies. 

Despite being inflammatory and non-infectious, Kawasaki disease often presents a measles-like 

rash that usually presents with fever, injected conjunctivae, strawberry tongue, and lymphadenopathy 

of the neck and thus may be confused easily with viral infections like adenovirus or scarlet fever. 

Making this distinction is necessary because Kawasaki disease necessitates timely 

immunomodulatory therapy to prevent coronary artery aneurysm formation. 

Environmental and Physical Factors that Mimic Infectious Diseases. These exposure-related 

dermatoses can simulate infectious lesions, especially when erythema, blistering, or necrosis occurs. 
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Phototoxic reactions present as sharply demarcated erythema and blistering, resembling herpes 

zoster or cellulitis. It occurs on sun-exposed sites shortly after ultraviolet exposure in persons taking 

photosensitizing drugs. The pattern of photodistribution remains the most significant diagnostic clue, 

since infectious rashes rarely have such well-demarcated borders [5]. 

Erythema, blistering, and peeling due to burn injuries can often look similar to bullous impetigo 

or SJS/TEN. Thermal injury is usually associated with a clear history of exposure, sharp demarcation 

of the edges, and no systemic prodrome. Insect bites may appear similar to varicella or viral eruptions 

due to clustered vesicles and intense pruritus. Linear groupings-the "breakfast, lunch, and dinner" 

pattern-are highly suggestive of scabies infestations but originate from bedbug exposure. Knowledge 

of the distribution of bites and recurrences following sleep helps the clinician differentiate between 

infectious and environmental etiologies. Psychological and Behavioral Disorders Resembling 

Infectious Rash. Although uncommon, psychodermatologic conditions contribute to diagnostic 

confusion. 

 

  

 

Main causes of Skin Rashes 

 

Non-Infectious skin Rashes 

 

While self-inflicted lesions can be made to mimic bacterial or viral infections, the pattern of 

distribution is often bizarre and geometric. Lack of typical time progression for an infection, with 

non-concordant history from the patient, will eventually raise suspicion among clinicians that 

psychogenic causes need to be considered. 

The patients may have excoriations with self-induced erosions that may suggest parasitic 

infections. Misdiagnosis may lead to unnecessary antiparasitic therapy until behavioral patterns are 

recognized. The analysis reveals several key findings. First, the greatest diagnostic overlap occurs 

between drug eruptions and viral exanthems, vasculitides and bacterial septicemic rashes, and 

autoimmune conditions and erythematous infectious dermatoses. Second, non-infectious mimickers 

often share three major clinical elements with infectious rash presentations: erythema, fever, and 

systemic symptoms. Third, reliance on visual morphology alone leads to frequent misdiagnosis. 

Fourth, systemic contextðincluding drug exposure, autoimmune history, allergic profile, and 

environmental triggersðprovides the most critical differentiating clues. Fifth, diagnostic delays 

predominantly occur in emergency and primary care settings where rapid decisions are necessary, and 
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dermatologic expertise may be limited. Sixth, misdiagnosis contributes to unnecessary antimicrobial 

use, delays in immunomodulatory treatment, patient anxiety, and increased healthcare costs. Finally, 

standardized diagnostic algorithms and improved dermatologic training substantially reduce these 

diagnostic errors [8].  

 

Discussion 

These findings emphasize that any rash evaluation requires a structured and multidimensional 

diagnostic approach. Limited skin response patterns prohibit reliance on morphology alone, a practice 

that would be no less than dangerous. A detailed history, including medication exposure, temporal 

relationship of symptoms, environmental triggers, and systemic manifestations, is required for 

accurate differentiation. 

Thus, misdiagnosis of non-infectious rashes as infectious not only contributes to unnecessary 

antimicrobial therapy but also plays into broader public health concerns about antimicrobial 

resistance. Conversely, failure by clinicians to identify non-infectious inflammatory, autoimmune, or 

vasculitic causes leaves the patient open to complications ranging from simple organ involvement to 

life-threatening systemic reactions. 

Dermatologic education remains a key limitation in many curricula. The primary care physician 

and emergency clinician are commonly faced with rashes, largely without formal dermatologic 

training, leading to reflexive assumptions of infection. The literature supports a need for the 

integration of dermatologic algorithms, teledermatology consultations, and improved visual 

diagnostic training into health systems. 

Histopathology and laboratory testing also play an indispensable role. While infections may 

produce neutrophilic infiltrates, non-infectious conditions have specific patterns such as immune 

complex deposition, interface dermatitis, or vasculitic changes. Early biopsy can avoid misdiagnosis, 

especially in rapidly progressive or atypical rashes. 

The interplay of the immune response pathways in both infectious and non-infectious 

conditions forms the biological rationale for clinical confusion. Overexpression of cytokines, vascular 

injury, and keratinocyte apoptosis stand out across pathologies diverse in nature, reinforcing the 

contextual interpretation over morphology alone. 

 

Conclusion 

Non-infectious causes of rash that mimic infectious diseases represent a critical diagnostic 

challenge. This article illustrates that drug eruptions, autoimmune conditions, vasculitides, allergic 

reactions, genetic disorders, environmental exposures, and psychogenic conditions all have clinical 

overlap with infectious presentations. The major mistakes are made based on overreliance upon visual 

inspection without adequate history-taking, delay in the use of diagnostic modalities, and limited 

dermatologic training. Knowledge of distinguishing features, including distribution patterns, systemic 

associations, recurrence behaviors, and response to triggers, can significantly enhance diagnostic 

accuracy. This requires an interdisciplinary perspective on dermatology, immunology, general 

medicine, and emergency medicine for the ultimate goal of minimizing misdiagnosis, improving 

patient outcome, and reducing unnecessary use of antimicrobial agents. Adopt structured diagnostic 

algorithms that incorporate morphology, distribution, systemic symptoms, and exposure history. 

Increase dermatologic training throughout all medical curricula, especially among non-specialists. 

Improve access to teledermatology for rapid consultation in equivocal cases. Encourage early biopsy 

and laboratory investigations when rashes progress rapidly or when they fail to conform to infectious 

patterns. Educate clinicians regarding drug-induced eruptions, including common culprits and 

temporal relationships. 
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Best way to educate people about skin health? 

 
All antimicrobial stewardship protocols should call for differential exclusion of non-infectious 

causes prior to starting broad-spectrum therapy. Encourage multidisciplinary collaboration among 

dermatology, infectious disease, rheumatology, and primary care. Develop patient education materials 

explaining the importance of medication history and environmental exposures. Support public health 

initiatives to reduce the healthcare burden from misdiagnosis. Expand research on visual decision-

support systems and AI-based diagnostic tools in rash assessment. 
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Abstract. Background: Since its emergence in late 2019, Coronavirus Disease 2019 (COVID-

19), caused by Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2), has fundamentally 

altered global health landscapes. This review aims to synthesize current knowledge regarding the 

etiology, complex pathogenesis, evolving diagnostic modalities, and updated therapeutic strategies, 

with a focus on post-pandemic management and Long COVID. A narrative review was conducted 

using databases including PubMed, Scopus, and WHO repositories. Data regarding epidemiology, 

pathophysiology, and clinical guidelines published between January 2020 and late 2024 were 

analyzed. The virus utilizes the ACE2 receptor for entry, triggering a dysregulated immune response 

(cytokine storm) and coagulopathy. Diagnostic techniques have evolved from standard RT-PCR to 

rapid molecular assays and AI-assisted imaging. Treatment has shifted from supportive care to 

targeted antivirals and immunomodulators. While acute mortality has decreased due to vaccination 

and population immunity, the focus must now shift to managing endemic transmission and the chronic 

sequelae known as Post-Acute Sequelae of SARS-CoV-2 (PASC). 
 

ɸʥʥʦʪʘʮʠʷ. ʉ ʤʦʤʝʥʪʘ ʩʚʦʝʛʦ ʧʦʷʚʣʝʥʠʷ ʚ ʢʦʥʮʝ 2019 ʛʦʜʘ ʢʦʨʦʥʘʚʠʨʫʩʥʘʷ ʙʦʣʝʟʥʴ 2019 

(COVID-19), ʚʳʟʳʚʘʝʤʘʷ ʢʦʨʦʥʘʚʠʨʫʩʦʤ ʪʷʞʝʣʦʛʦ ʦʩʪʨʦʛʦ ʨʝʩʧʠʨʘʪʦʨʥʦʛʦ ʩʠʥʜʨʦʤʘ 2 (SARS-

CoV-2), ʢʦʨʝʥʥʳʤ ʦʙʨʘʟʦʤ ʠʟʤʝʥʠʣʘ ʛʣʦʙʘʣʴʥʫʶ ʩʠʪʫʘʮʠʶ ʚ ʦʙʣʘʩʪʠ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ. ɹʳʣ 

ʧʨʦʚʝʜʝʥ ʥʘʨʨʘʪʠʚʥʳʡ ʦʙʟʦʨ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʘʟ ʜʘʥʥʳʭ, ʚʢʣʶʯʘʷ PubMed, Scopus ʠ 

ʨʝʧʦʟʠʪʦʨʠʠ ɺʆɿ. ɹʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʜʘʥʥʳʝ ʧʦ ʵʧʠʜʝʤʠʦʣʦʛʠʠ, ʧʘʪʦʬʠʟʠʦʣʦʛʠʠ ʠ 

ʢʣʠʥʠʯʝʩʢʠʤ ʨʝʢʦʤʝʥʜʘʮʠʷʤ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʚ ʧʝʨʠʦʜ ʩ ʷʥʚʘʨʷ 2020 ʛʦʜʘ ʧʦ ʢʦʥʝʮ 2024 ʛʦʜʘ. 

ɺʠʨʫʩ ʠʩʧʦʣʴʟʫʝʪ ʨʝʮʝʧʪʦʨ ACE2 ʜʣʷ ʧʨʦʥʠʢʥʦʚʝʥʠʷ, ʚʳʟʳʚʘʷ ʥʘʨʫʰʝʥʠʝ ʨʝʛʫʣʷʮʠʠ 
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ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ (ʮʠʪʦʢʠʥʦʚʳʡ ʰʪʦʨʤ) ʠ ʢʦʘʛʫʣʦʧʘʪʠʶ. ɼʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

ʵʚʦʣʶʮʠʦʥʠʨʦʚʘʣʠ ʦʪ ʩʪʘʥʜʘʨʪʥʦʡ ʆʊ-ʇʎʈ ʜʦ ʙʳʩʪʨʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʘʥʘʣʠʟʦʚ ʠ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʀʀ. ʃʝʯʝʥʠʝ ʩʤʝʩʪʠʣʦʩʴ ʦʪ ʧʦʜʜʝʨʞʠʚʘʶʱʝʡ ʪʝʨʘʧʠʠ ʢ 

ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʤʫ ʧʨʠʤʝʥʝʥʠʶ ʧʨʦʪʠʚʦʚʠʨʫʩʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʠ ʠʤʤʫʥʦʤʦʜʫʣʷʪʦʨʦʚ. ʍʦʪʷ 

ʦʩʪʨʘʷ ʩʤʝʨʪʥʦʩʪʴ ʩʥʠʟʠʣʘʩʴ ʙʣʘʛʦʜʘʨʷ ʚʘʢʮʠʥʘʮʠʠ ʠ ʧʦʧʫʣʷʮʠʦʥʥʦʤʫ ʠʤʤʫʥʠʪʝʪʫ, ʪʝʧʝʨʴ 

ʥʝʦʙʭʦʜʠʤʦ ʩʦʩʨʝʜʦʪʦʯʠʪʴʩʷ ʥʘ ʙʦʨʴʙʝ ʩ ʵʥʜʝʤʠʯʝʩʢʦʡ ʧʝʨʝʜʘʯʝʡ ʚʠʨʫʩʘ ʠ ʭʨʦʥʠʯʝʩʢʠʤʠ 

ʧʦʩʣʝʜʩʪʚʠʷʤʠ, ʠʟʚʝʩʪʥʳʤʠ ʢʘʢ ʧʦʩʪ-ʦʩʪʨʳʝ ʧʦʩʣʝʜʩʪʚʠʷ SARS-CoV-2 (PASC). 
 

Keywords: COVID-19, Pathogenesis, Long COVID, mRNA Vaccine, Pandemic Management. 
 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: COVID-19, ʧʘʪʦʛʝʥʝʟ, ʜʣʠʪʝʣʴʥʳʡ COVID, ʤʈʅʂ-ʚʘʢʮʠʥʘ, ʫʧʨʘʚʣʝʥʠʝ 

ʧʘʥʜʝʤʠʝʡ. 

 

COVID-19 is a highly infectious respiratory disease caused by the novel betacoronavirus 

SARS-CoV-2. First identified in Wuhan, China, in December 2019, it rapidly escalated into a global 

pandemic. Unlike previous coronavirus outbreaks (SARS-CoV and MERS-CoV), SARS-CoV-2 

demonstrated efficient human-to-human transmission even during the asymptomatic incubation 

period, complicating containment efforts [1]. 

Globally, the virus has infected hundreds of millions of individuals, with waves driven by 

variants of concern (VOCs) such as Delta and Omicron. The basic reproduction number ($R_0$) has 

fluctuated significantly with these variants; the Omicron variant, for instance, demonstrated 

significantly higher transmissibility than the ancestral strain. Regionally, epidemiology varies based 

on population density, healthcare infrastructure, and vaccination coverage [2]. 

While the acute respiratory distress syndrome (ARDS) associated with COVID-19 is well-

documented, gaps remain regarding the long-term systemic effects of the virus. Furthermore, 

diagnostic protocols differ vastly between resource-rich and resource-limited settings, creating 

disparities in care. The transition from pandemic to endemic status requires a re-evaluation of 

treatment protocols [3]. 

The objective of this review is to provide a comprehensive analysis of SARS-CoV-2, detailing 

its pathogenesis, evaluating the shift in diagnostic technologies, and summarizing current consensus 

on treatment and post-pandemic management strategies. This paper employs a narrative review 

design to synthesize broad literature regarding the clinical and biological aspects of COVID-19. This 

format allows for the integration of epidemiological data, basic science (pathogenesis), and clinical 

management guidelines [4]. 

Randomized Controlled Trials (RCTs) regarding vaccines and therapeutics were included [5]. 

Peer-reviewed articles published in English between January 1, 2020, and December 2024; 

official health guidelines; systematic reviews and meta-analyses were considered. Exclusion criteria 

included: anecdotal case reports (unless highlighting a novel finding), non-peer-reviewed pre-prints 

(unless no other data exists), and studies with small sample sizes [6]. 

Literature was categorized into four domains: Pathophysiology, Diagnostics, Therapeutics, and 

Chronic Sequelae. Key findings were extracted and cross-referenced to ensure they represent the 

current scientific consensus rather than obsolete early-pandemic theories [7]. 

SARS-CoV-2 is an enveloped, positive-sense single-stranded RNA virus belonging to the genus 

Betacoronavirus.  It contains four structural proteins: Spike (S), Envelope (E), Membrane (M), and 

Nucleocapsid (N). The S-protein is the critical determinant of host tropism and the primary target for 

neutralizing antibodies and vaccines [8]. 

The virus binds to the Angiotensin-Converting Enzyme 2 (ACE2) receptor, predominantly 

found in the respiratory epithelium, enterocytes, and vascular endothelium.  Host protease TMPRSS2 
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primes the S-protein for fusion. Immune Dysregulation: Severe cases are characterized by a "cytokine 

storm," an excessive release of pro-inflammatory cytokines (IL-6, TNF-Ŭ, IL-1ɓ). This leads to 

diffuse alveolar damage. Coagulopathy: Endothelial injury and inflammation trigger a 

hypercoagulable state, leading to microthrombi and pulmonary embolism, a distinct feature 

distinguishing COVID-19 from typical viral pneumonias [9]. 

The incubation period averages 5 days (range 2ï14 days). Clinical presentation is categorized 

as: Asymptomatic/Mild (81%): Fever, cough, fatigue, anosmia (loss of smell), ageusia (loss of taste). 

Moderate (14%): Pneumonia with (4%). Severe (5%): Dyspnea, hypoxia (2ï4%), lung 

infiltrates (>50%). Critical: Respiratory failure, shock, multiorgan dysfunction [10].Molecular 

Testing: RT-PCR remains the gold standard. However, newer CRISPR-based offer sensitivity 

comparable to PCR with faster turnaround times. Antigen Testing: Rapid Antigen Tests (RAT) are 

specific but less sensitive, useful for mass screening. Radiology: High-Resolution CT (HRCT) 

typically shows "ground-glass opacities" (GGO) with peripheral distribution. The CO-RADS 

classification system standardized the reporting of likelihood of COVID-19 involvement [11]. 

Nirmatrelvir/ritonavir (Paxlovid) and Remdesivir inhibit viral replication; most effective when 

given early (within 5 days of symptom onset). Immunomodulators: Corticosteroids (Dexamethasone) 

significantly reduce mortality in patients requiring oxygen. IL-6 inhibitors (Tocilizumab) are used in 

cases with systemic inflammation. Anticoagulation: Prophylactic low-molecular-weight heparin is 

standard to prevent thromboembolism [12]. 

Major vaccine platforms include: mRNA vaccines (Pfizer-BioNTech, Moderna): Encode the S-

protein to elicit immune response. Viral Vector (AstraZeneca, J&J): Use adenovirus to deliver genetic 

material. Protein Subunit (Novavax): Contains the S-protein directly. Vaccines have been highly 

effective in preventing severe disease and death, though breakthrough infections occur due to waning 

immunity and variants [13]. 

The pathogenesis of COVID-19 highlights a multi-system disease rather than a strictly 

respiratory one [16]. 

The wide distribution of ACE2 receptors explains the renal, cardiac, and neurological 

manifestations observed. The evolution of variants indicates that the virus is adapting to evade host 

immunity, necessitating updated vaccine boosters [14]. 

Early pandemic management relied on hydroxychloroquine and azithromycin, which have since 

been proven ineffective. Current guidelines align globally (WHO, CDC, ICMR) on the use of steroids 

for hypoxic patients, marking a triumph of evidence-based medicine over initial anecdotal treatments 

[15]. 

The focus has shifted to Long COVID (PASC), defined as symptoms persisting $>3$ months. 

Symptoms include "brain fog," fatigue, and dysautonomia. Management requires a multidisciplinary 

approach involving rehabilitation, cardiology, and neurology. Primary care physicians must now 

screen for thrombotic sequelae and fibrotic lung disease in recovered patients [16]. 

This review is limited by the rapidly evolving nature of the virus. Data regarding the efficacy 

of vaccines against the most recent variants (e.g., JN.1) is still accumulating. Furthermore, long-term 

prognosis data (>5 years) is currently unavailable [17]. 

Pan-sarbecovirus vaccines: Developing vaccines that target conserved regions of coronaviruses 

to prevent future pandemics. Long COVID biomarkers: Identifying blood markers to objectively 

diagnose and track PASC. Antiviral resistance: Monitoring for resistance against current therapeutics 

like Paxlovid [18]. 

COVID-19 has evolved from an acute global emergency to an endemic management 

challenge.17 While the etiology and pathogenesis are now well-understoodðcentering on ACE2 

binding and immune dysregulationðthe virus continues to mutate. The major advancement in this 
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field is the rapid development of mRNA vaccines and novel therapeutics like oral antivirals. Moving 

forward, clinical focus must prioritize the surveillance of new variants and the comprehensive 

management of post-acute sequelae (Long COVID) to mitigate the long-term burden on healthcare 

systems [19]. 
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Abstract. AMR represents a public health challenge in India associated with the overuse of 

antibiotics transmission through the food chain inadequate regulatory enforcement and environmental 

pollution. Likewise India bears a large share of resistant infections significantly adding to worldwide 

illness and death caused by AMR. This article provides a review of the AMR burden and data in India; 

analyzes antibiotic misuse, in people and livestock outlines food-related transmission routes assesses 

legal and policy frameworks and explores existing prevention approaches and obstacles. The 

assessment emphasizes the need for unified and cross-sectoral efforts, within the One Health 

approach. 

 

ɸʥʥʦʪʘʮʠʷ. ʋʩʪʦʡʯʠʚʦʩʪʴ ʢ ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʳʤ ʧʨʝʧʘʨʘʪʘʤ (ʋʇʇ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʝʨʴʝʟʥʫʶ ʧʨʦʙʣʝʤʫ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʚ ʀʥʜʠʠ, ʩʚʷʟʘʥʥʫʶ ʩ ʯʨʝʟʤʝʨʥʳʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʥʪʠʙʠʦʪʠʢʦʚ, ʧʝʨʝʜʘʯʝʡ ʠʥʬʝʢʮʠʠ ʯʝʨʝʟ ʧʠʱʝʚʫʶ ʮʝʧʦʯʢʫ, ʥʝʜʦʩʪʘʪʦʯʥʳʤ 

ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ ʠ ʟʘʛʨʷʟʥʝʥʠʝʤ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ, ʀʥʜʠʷ ʥʝʩʝʪ ʥʘ 

ʩʝʙʝ ʟʥʘʯʠʪʝʣʴʥʫʶ ʜʦʣʶ ʠʥʬʝʢʮʠʡ, ʚʳʟʚʘʥʥʳʭ ʫʩʪʦʡʯʠʚʳʤʠ ʢ ʘʥʪʠʙʠʦʪʠʢʘʤ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʟʘʙʦʣʝʚʘʝʤʦʩʪʴ ʠ ʩʤʝʨʪʥʦʩʪʴ ʦʪ ʋʇʇ ʚʦ 

ʚʩʝʤ ʤʠʨʝ. ʇʨʝʜʩʪʘʚʣʝʥ ʦʙʟʦʨ ʜʘʥʥʳʭ ʧʦ ʀʥʜʠʠ; ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʟʣʦʫʧʦʪʨʝʙʣʝʥʠʝ 

ʘʥʪʠʙʠʦʪʠʢʘʤʠ ʫ ʣʶʜʝʡ ʠ ʞʠʚʦʪʥʳʭ, ʦʧʠʩʳʚʘʶʪʩʷ ʧʫʪʠ ʧʝʨʝʜʘʯʠ ʠʥʬʝʢʮʠʠ ʯʝʨʝʟ ʧʠʱʝʚʳʝ 

ʧʨʦʜʫʢʪʳ, ʦʮʝʥʠʚʘʶʪʩʷ ʧʨʘʚʦʚʳʝ ʠ ʧʦʣʠʪʠʯʝʩʢʠʝ ʨʘʤʢʠ, ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʫʶʪʩʷ ʩʫʱʝʩʪʚʫʶʱʠʝ 

ʧʦʜʭʦʜʳ ʢ ʧʨʦʬʠʣʘʢʪʠʢʝ ʠ ʧʨʝʧʷʪʩʪʚʠʷ. ʆʮʝʥʢʘ ʧʦʜʯʝʨʢʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʛʣʘʩʦʚʘʥʥʳʭ 

ʠ ʤʝʞʩʝʢʪʦʨʘʣʴʥʳʭ ʫʩʠʣʠʡ ʚ ʨʘʤʢʘʭ ʧʦʜʭʦʜʘ çɽʜʠʥʦʝ ʟʜʦʨʦʚʴʝè. 

 

Keywords: antimicrobial resistance, India, antibiotic overuse, multidrug-resistant organisms. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʳʤ ʧʨʝʧʘʨʘʪʘʤ, ʀʥʜʠʷ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʘʥʪʠʙʠʦʪʠʢʦʚ, ʤʫʣʴʪʠʨʝʟʠʩʪʝʥʪʥʳʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ. 

 

Antimicrobial resistance occurs when microbes such as bacteria, viruses, fungi and parasites 

evolve strategies that render antimicrobial medications ineffective. Due to antibiotic use India faces 
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a particularly severe issue with AMR attributed to its large population, significant infectious disease 

load, easy access, to antibiotics extensive food-animal farming and environmental antibiotic 

pollution. Furthermore AMR endangers not the control of infectious diseases but also the safety of 

surgical procedures cancer treatments, neonatal healthcare and organ transplants. If unchecked AMR 

could undo decades of progress, in India. 

Extent and Statistics of AMR in India. Mortality and Disease Burden.  

-Globally India ranks among the countries with the death tolls linked to AMR: it is estimated 

that there are approximately 300,000 direct fatalities annually and, over a million related deaths. 

-Neonatal sepsis due to bacteria is estimated to cause, over 58,000 infant fatalities each year 

primarily in resource-limited environments. 

-Should the pattern persist AMR could be responsible for 2 million fatalities annually in India, 

by 2050. Resistance Trends in Key Pathogens. 
 

PATHOGEN RESISTANCE PATTERN IN INDIA 
 

E. coli Highly ESBL producing (>70%); increasing resistance to carbapenems 

Klebsiella pneumoniae Carbapenem resistance >50% 

Acinetobacter baumannii Resistance to carbapenem is >90% 

Salmonella typhi >95% fluoroquinolone resistance 

Methicillin-resistant 

Staphylococcus aureus (MRSA) 

40-65% prevalence in tertiary hospitals 

 

The occurrence, in hospitals is estimated to fall within the range of 40 to 65%. These resistance 

levels are significantly greater, than those observed in high-income nations and indicate both 

improper usage and inadequate infection management. Overuse and Abuse of Antibiotics in India. 

Human Healthcare Sector. India ranks among the consumers of antibiotics globally. The primary 

sources are: Over-the-counter availability without prescription (Empirical use of broad-spectrum 

antibiotics; Antibiotic prescribing for viral infections; Incomplete courses of treatment; Lack of 

diagnostic stewardship). Reports indicate that over 70% of outpatients, in countries receive antibiotic 

prescriptions and their use is frequently inappropriate. Hospital-based Overuse (Highly using third-

generation cephalosporins, fluoroquinolones, and carbapenems; Poor implementing policies of 

antimicrobial stewardship programs; Hospitals, with patient loads where transmission of resistant 

organisms occurs more readily). 

This results in the rapid selection of multidrug-resistant organisms, a process also known as 

MDRO. This is the point at which automation boosts efficiency in the development process. 

AMR Through Food and the Food Chain. Antibiotic Use in Food Animals. Antibiotics are 

widely utilized in Poultry, Dairy farming, Aquaculture, Livestock. 

These frequently serve to: Growth promotion; Encouraging disease prevention, in patients, 

which is also referred to as prophylaxis; Non-therapeutic purposes. 

This method favors bacteria that're resistant when they infect the human population. 

Food-Borne Transmission Pathways. The methods through which AMR is transmitted to 

humans include: Consumption of undercooked meat; Contaminated milk and dairy products; 

Vegetables watered with water; Handling of raw animal products. 

In India resistant bacteria such, as Salmonella, Campylobacter and E. Coli are frequently found 

in food samples. Pollution of the Environment. Diverse pollutants and minute quantities of elements, 

in drinking water can arise from sources, including the following: Antibiotic residues from 

pharmaceutical industries; Animal waste used as manure; Hospital effluents reaching water bodies.  

These form environmental "hotspots" for resistance gene exchange. It originated from the 

Philosophical Society. Commenced during the initial week of June, 1820. 
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Acts of Prevention, Legal Frameworks, and Regulatory Measures. Drugs and Cosmetics Act, 

1940: Controls the production and distribution of antibiotics; Introduced Schedule H and H1 

restricting the sale of antibiotic without prescription; Enforcement continues to be irregular. 

Regulation of Schedule H1: Contains the antibiotics that're most essential including 

carbapenems and third-generation cephalosporins. Requires: Prescription compulsory: Record 

maintenance by pharmacists; Limited compliance because of weak monitoring. Food Safety and 

Standards Act (FSSA), 2006: Controls the presence of residues, in food items; There are standards, 

but there is not enough surveillance and enforcement. Measures Undertaken: National and State 

Levels. National Action Plan on AMR (NAP-AMR). India possesses a National Action Plan, on AMR 

for 2017-2021 prolonged to 2025-2029 which was synchronized with WHO goals: Improve 

awareness and understanding; Enhancing surveillance 

3. Reduce incidence of infection; Optimize the use of antimicrobials; Promote research and 

innovation.  

ICMR Antimicrobial Resistance Surveillance Network (AMRSN): Monitors resistance patterns 

across the country; Offers national data; Guides policies, for treatment.  

State Action Plans (SAPCAR). Multiple states have adopted tailored AMR approaches and 

tackle: Prescription audits; Infection control; Public education; Veterinary Antibiotic Oversight. 

Prevention Strategies for AMR in India. Antimicrobial Stewardship Programs: Rational 

antibiotic prescribing; De-escalation therapy; Antibiotic "time-outs"; Antibiotic policies in hospitals. 

Prevention and Control of Infection: Hand hygiene; Sterilization; Hospital surveillance; 

Isolation of the MDR cases. 

Food and Agriculture Interventions: Prohibition of antibiotic growth enhancers; Veterinary 

prescription enforcement; Improved farm hygiene; Monitoring antibiotic residues. 

Public Awareness and Education: Campaigns on the rational use of antibiotics. Discourage self-

medication; As a rule, education of farmers and pharmacists. 

Finally, devise an expression for the ideal voltage transfer characteristic. India-Specific 

Obstacles and Prospective Strategies The AMR issue in India arises from linked human, animal, food 

and environmental networks. Although robust policy structures are in place, incomplete execution, 

poor enforcement and insufficient diagnostics obstruct advancement. The gap, between rural areas 

exacerbates the proliferation of resistance. What is necessary is a One Health approach that integrates 

health, veterinary care, agriculture and environmental management. The upcoming vital actions 

involve expanding laboratory capabilities, managing waste and encouraging the development of new 

antibiotics. Antimicrobial resistance represents a complicated public health crisis that is quickly 

worsening in India. The widespread presence of microbes their spread via the food supply, improper 

antibiotic use and environmental contamination all endanger the effectiveness of current medical 

treatments. While India has implemented legal and policy measures, effective enforcement, 

community engagement and collaboration, across multiple sectors are urgently required to control 

AMR and safeguard future healthcare results. 
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ɸʥʥʦʪʘʮʠʷ. ɼʝʤʠʝʣʠʥʠʟʠʨʫʶʱʠʝ ʟʘʙʦʣʝʚʘʥʠʷ ʮʝʥʪʨʘʣʴʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ (ʎʅʉ) ʫ 

ʜʝʪʝʡ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʝʨʴʸʟʥʫʶ ʧʨʦʙʣʝʤʫ ʚ ʥʝʚʨʦʣʦʛʠʠ, ʯʘʩʪʦ ʧʨʠʚʦʜʷ ʢ ʚʳʨʘʞʝʥʥʦʤʫ 

ʥʝʚʨʦʣʦʛʠʯʝʩʢʦʤʫ ʜʝʬʠʮʠʪʫ ʠ ʠʥʚʘʣʠʜʠʟʘʮʠʠ. ɼʠʩʢʨʝʪʥʳʡ ʨʫʯʥʦʡ ʧʣʘʟʤʘʬʝʨʝʟ (ɼʈʇ) 

ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʫʜʘʣʝʥʠʷ ʮʠʨʢʫʣʠʨʫʶʱʠʭ ʘʫʪʦʘʥʪʠʪʝʣ, ʠʤʤʫʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ 

ʧʨʦʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʤʝʜʠʘʪʦʨʦʚ. ʇʨʝʜʩʪʘʚʣʝʥ ʢʣʠʥʠʯʝʩʢʠʡ ʩʣʫʯʘʡ ʨʝʙʸʥʢʘ 10 ʣʝʪ ʩ ʦʩʪʨʳʤ 

ʦʙʦʩʪʨʝʥʠʝʤ ʜʝʤʠʝʣʠʥʠʟʠʨʫʶʱʝʛʦ ʧʨʦʮʝʩʩʘ ʧʦʩʣʝ ʧʝʨʝʥʝʩʸʥʥʦʡ ʦʩʪʨʦʡ ʨʝʩʧʠʨʘʪʦʨʥʦʡ 

ʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʠ. ɺ ʢʦʤʧʣʝʢʩʥʦʡ ʪʝʨʘʧʠʠ ʧʨʠʤʝʥʷʣʩʷ ʜʠʩʢʨʝʪʥʳʡ ʨʫʯʥʦʡ ʧʣʘʟʤʘʬʝʨʝʟ ʚ 

ʩʦʯʝʪʘʥʠʠ ʩ ʧʫʣʴʩ-ʪʝʨʘʧʠʝʡ ʤʝʪʠʣʧʨʝʜʥʠʟʦʣʦʥʦʤ. ʅʝʚʨʦʣʦʛʠʯʝʩʢʠʡ ʩʪʘʪʫʩ ʦʮʝʥʠʚʘʣʩʷ ʧʦ 

ʰʢʘʣʝ EDSS ʧʨʠ ʧʦʩʪʫʧʣʝʥʠʠ, ʚ ʧʨʦʮʝʩʩʝ ʣʝʯʝʥʠʷ ʠ ʧʨʠ ʚʳʧʠʩʢʝ. ʃʘʙʦʨʘʪʦʨʥʳʡ ʢʦʥʪʨʦʣʴ 

ʚʢʣʶʯʘʣ ʦʙʱʠʡ ʘʥʘʣʠʟ ʢʨʦʚʠ, ʙʠʦʭʠʤʠʶ, ʢʦʘʛʫʣʦʛʨʘʤʤʫ ʠ ʵʣʝʢʪʨʦʣʠʪʳ. ʇʦʩʣʝ 4-ʭ ʩʝʘʥʩʦʚ 

ɼʈʇ ʦʪʤʝʯʝʥʦ ʩʥʠʞʝʥʠʝ ʚʳʨʘʞʝʥʥʦʩʪʠ ʥʝʚʨʦʣʦʛʠʯʝʩʢʦʛʦ ʜʝʬʠʮʠʪʘ: EDSS ʫʤʝʥʴʰʠʣʘʩʴ ʩ 8,5 

ʜʦ 7,0. ɺʦʩʩʪʘʥʦʚʠʣʠʩʴ ʘʢʪʠʚʥʳʝ ʜʚʠʞʝʥʠʷ ʚ ʣʝʚʳʭ ʢʦʥʝʯʥʦʩʪʷʭ, ʫʣʫʯʰʠʣʘʩʴ ʬʦʥʘʮʠʷ ʠ 

ʛʣʦʪʘʥʠʝ, ʩʥʠʟʠʣʩʷ ʤʳʰʝʯʥʳʡ ʪʦʥʫʩ. ʃʘʙʦʨʘʪʦʨʥʦ ʦʪʤʝʯʝʥʘ ʥʦʨʤʘʣʠʟʘʮʠʷ ʚʦʩʧʘʣʠʪʝʣʴʥʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ. ɼʠʩʢʨʝʪʥʳʡ ʨʫʯʥʦʡ ʧʣʘʟʤʘʬʝʨʝʟ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʪʝʨʘʧʠʠ ʧʨʠ 

ʦʩʪʨʳʭ ʜʝʤʠʝʣʠʥʠʟʠʨʫʶʱʠʭ ʟʘʙʦʣʝʚʘʥʠʷʭ ʎʅʉ ʫ ʜʝʪʝʡ, ʧʦʟʚʦʣʷʷ ʜʦʩʪʠʯʴ ʟʥʘʯʠʤʦʛʦ 

ʢʣʠʥʠʯʝʩʢʦʛʦ ʫʣʫʯʰʝʥʠʷ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʛʦʨʤʦʥʦʪʝʨʘʧʠʝʡ. ʈʝʟʫʣʴʪʘʪʳ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʜʘʥʥʳʤʠ 

ʤʠʨʦʚʦʡ ʣʠʪʝʨʘʪʫʨʳ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʤʠ ʜʦʢʘʟʘʪʝʣʴʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʣʘʟʤʘʬʝʨʝʟʘ ʧʨʠ 

ʘʫʪʦʠʤʤʫʥʥʳʭ ʧʨʦʮʝʩʩʘʭ ʎʅʉ. 
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Abstract. Demyelinating diseases of the central nervous system (CNS) in children represent a 

serious neurological problem, often leading to severe neurological deficits and disability. Discrete 

manual plasmapheresis (DMP) is used to remove circulating autoantibodies, immune complexes, and 

proinflammatory mediators. We present a clinical case of a 10-year-old child with an acute 

exacerbation of demyelinating disease after influenza. DMP was used in combination with pulse 

methylprednisolone therapy. Neurological status was assessed using the EDSS scale upon admission, 

during treatment, and at discharge. Laboratory monitoring included a complete blood count, 

biochemistry, coagulation profile, and electrolytes. After 4 DMP sessions, a reduction in the severity 

of neurological deficit was noted: the EDSS decreased from 8.5 to 7.0. Active movement in the left 

limbs was restored, phonation and swallowing improved, and muscle tone decreased. Laboratory tests 

showed normalization of inflammatory parameters. Discrete manual plasmapheresis is an effective 

treatment method for acute demyelinating diseases of the central nervous system in children, 

achieving significant clinical improvement when combined with hormonal therapy. The results are 

consistent with international literature confirming the evidence-based efficacy of plasmapheresis in 

autoimmune processes of the central nervous system. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʝʤʠʝʣʠʥʠʟʠʨʫʶʱʝʝ ʟʘʙʦʣʝʚʘʥʠʝ, ʧʣʘʟʤʘʬʝʨʝʟ, ʜʠʩʢʨʝʪʥʳʡ ʨʫʯʥʦʡ 

ʧʣʘʟʤʘʬʝʨʝʟ, ʨʝʙʸʥʦʢ, ʦʩʪʨʦʝ ʦʙʦʩʪʨʝʥʠʝ. 

 

Keywords: demyelinating disease, plasmapheresis, discrete manual plasmapheresis, child, acute 

exacerbation. 

 

ɼʝʤʠʝʣʠʥʠʟʠʨʫʶʱʠʝ ʟʘʙʦʣʝʚʘʥʠʷ ʦʪʥʦʩʷʪʩʷ ʢ ʯʠʩʣʫ ʘʫʪʦʠʤʤʫʥʥʳʭ ʧʘʪʦʣʦʛʠʡ, 

ʦʩʥʦʚʥʳʤ ʧʘʪʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʷʚʣʝʥʠʝʤ ʢʦʪʦʨʳʭ ʩʣʫʞʠʪ ʨʘʟʨʫʰʝʥʠʝ ʤʠʝʣʠʥʘ ʚ 

ʮʝʥʪʨʘʣʴʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʝ (ʎʅʉ). ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʦʪʤʝʯʘʝʪʩʷ ʥʝʧʨʝʨʳʚʥʳʡ ʨʦʩʪ 

ʜʝʤʠʝʣʠʥʠʟʠʨʫʶʱʠʭ ʟʘʙʦʣʝʚʘʥʠʡ ʎʅʉ, ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʜʥʫ ʠʟ ʥʘʠʙʦʣʝʝ ʩʦʮʠʘʣʴʥʦ ʠ 

ʵʢʦʥʦʤʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʧʨʦʙʣʝʤ ʩʦʚʨʝʤʝʥʥʦʡ ʥʝʚʨʦʣʦʛʠʠ ʚ ʩʚʷʟʠ ʩ ʘʢʪʫʘʣʴʥʦʩʪʴʶ ʚʦʧʨʦʩʘ 

ʠʭ ʩʚʦʝʚʨʝʤʝʥʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʪʘʢʪʠʢʠ ʚʝʜʝʥʠʷ ʧʘʮʠʝʥʪʦʚ. ɺ ʧʦʩʣʝʜʥʝʝ 

ʚʨʝʤʷ ʦʪʤʝʯʘʝʪʩʷ ʥʝʧʨʝʨʳʚʥʳʡ ʨʦʩʪ ʜʝʤʠʝʣʠʥʠʟʠʨʫʶʱʠʭ ʟʘʙʦʣʝʚʘʥʠʡ ʎʅʉ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ 

ʜʝʪʩʢʦʡ ʧʦʧʫʣʷʮʠʠ [1]. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʝʤ, ʯʪʦ ʜʝʪʩʢʠʡ ʠ ʧʦʜʨʦʩʪʢʦʚʳʡ 

ʚʦʟʨʘʩʪ ï ɻ ʪʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʵʪʘʧ ʩʘʤʳʭ ʥʘʯʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʜʝʤʠʝʣʠʥʠʟʠʨʫʶʱʠʭ 

ʟʘʙʦʣʝʚʘʥʠʡ [2].  

ʂ ʥʠʤ ʪʘʢʞʝ ʦʪʥʦʩʠʪʩʷ ʦʩʪʨʳʡ ʜʠʩʩʝʤʠʥʠʨʦʚʘʥʥʳʡ ʵʥʮʝʬʘʣʦʤʠʝʣʠʪ (ʆɼʕʄ). ʋ ʜʝʪʝʡ 

ʆɼʕʄ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʩʦʙʫʶ ʩʣʦʞʥʦʩʪʴ ʠʟ-ʟʘ ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʙʳʩʪʨʦʤʫ ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʶ 

ʠ ʜʦʣʛʦʩʨʦʯʥʳʤ ʥʝʚʨʦʣʦʛʠʯʝʩʢʠʤ ʧʦʩʣʝʜʩʪʚʠʷʤ [3].  

ʇʘʪʦʛʝʥʝʪʠʯʝʩʢʫʶ ʦʩʥʦʚʫ ʵʪʠʭ ʟʘʙʦʣʝʚʘʥʠʡ ʩʦʩʪʘʚʣʷʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʘʫʪʦʘʥʪʠʪʝʣ ʧʨʦʪʠʚ 

ʩʦʙʩʪʚʝʥʥʦʛʦ ʤʠʝʣʠʥʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʨʝʞʜʝʥʠʶ ʦʙʦʣʦʯʝʢ ʥʝʨʚʥʳʭ ʚʦʣʦʢʦʥ ʠ ʥʘʨʫʰʝʥʠʶ 

ʧʨʦʚʝʜʝʥʠʷ ʥʝʨʚʥʳʭ ʠʤʧʫʣʴʩʦʚ. ʉʚʦʝʚʨʝʤʝʥʥʦʝ ʫʜʘʣʝʥʠʝ ʮʠʨʢʫʣʠʨʫʶʱʠʭ ʘʫʪʦʘʥʪʠʪʝʣ ʠ 

ʠʤʤʫʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠʤʝʝʪ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʬʫʥʢʮʠʡ ʎʅʉ.  

ʉʦʛʣʘʩʥʦ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʨʝʢʦʤʝʥʜʘʮʠʷʤ, ʜʠʩʢʨʝʪʥʳʡ ʨʫʯʥʦʡ ʧʣʘʟʤʘʬʝʨʝʟ (ɼʈʇ) 

ʷʚʣʷʝʪʩʷ ʜʦʢʘʟʘʪʝʣʴʥʳʤ ʤʝʪʦʜʦʤ ʣʝʯʝʥʠʷ ʠ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ ʛʣʶʢʦʢʦʨʪʠʢʦʠʜʥʦʡ 

ʪʝʨʘʧʠʝʡ ʧʨʠ ʘʫʪʦʠʤʤʫʥʥʳʭ ʜʝʤʠʝʣʠʥʠʟʠʨʫʶʱʠʭ ʟʘʙʦʣʝʚʘʥʠʷʭ. 
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ʄʘʪʝʨʠʘʣ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʇʨʝʜʩʪʘʚʣʝʥʦ ʢʣʠʥʠʯʝʩʢʦʝ ʥʘʙʣʶʜʝʥʠʝ ʧʘʮʠʝʥʪʘ ʩ ʦʩʪʨʳʤ ʜʝʤʠʝʣʠʥʠʟʠʨʫʶʱʠʤ 

ʟʘʙʦʣʝʚʘʥʠʝʤ ʎʅʉ, ʧʦʣʫʯʘʚʰʝʛʦ ʢʦʤʧʣʝʢʩʥʫʶ ʪʝʨʘʧʠʶ ʩ ʚʢʣʶʯʝʥʠʝʤ ʜʠʩʢʨʝʪʥʦʛʦ ʨʫʯʥʦʛʦ 

ʧʣʘʟʤʘʬʝʨʝʟʘ. 

ʄʝʩʪʦ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʅʘʮʠʦʥʘʣʴʥʳʡ ʮʝʥʪʨ ʦʭʨʘʥʳ ʤʘʪʝʨʠʥʩʪʚʘ ʠ ʜʝʪʩʪʚʘ, 

ʦʪʜʝʣʝʥʠʝ ʥʝʚʨʦʣʦʛʠʠ ʠ ʨʝʘʥʠʤʘʮʠʠ, (ʛ. ɹʠʰʢʝʢ. ʂʳʨʛʳʟʩʪʘʥ). 

ʂʣʠʥʠʯʝʩʢʠʡ ʩʣʫʯʘʡ. ʇʘʮʠʝʥʪ: ʤʘʣʴʯʠʢ, 10 ʣʝʪ. 

ɸʥʘʤʥʝʟ ʟʘʙʦʣʝʚʘʥʠʷ. ɿʘʙʦʣʝʚʘʥʠʝ ʥʘʯʘʣʦʩʴ ʩ ʩʠʤʧʪʦʤʦʚ ʦʩʪʨʦʡ ʨʝʩʧʠʨʘʪʦʨʥʦʡ 

ʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʠ (ʆʈɺʀ), ʯʝʨʝʟ ʥʝʜʝʣʶ ʦʪʤʝʯʘʣʦʩʴ ʚʳʨʘʞʝʥʥʦʝ ʫʭʫʜʰʝʥʠʝ ʩʦʩʪʦʷʥʠʷ: 

ʤʥʦʛʦʢʨʘʪʥʘʷ ʨʚʦʪʘ, ʛʦʣʦʚʥʘʷ ʙʦʣʴ, ʦʛʨʘʥʠʯʝʥʠʝ ʜʚʠʞʝʥʠʡ ʢʦʥʝʯʥʦʩʪʝʡ.  

ɺ ʘʥʘʤʥʝʟʝ ʚ 2020 ʛ ʙʳʣʠ ʵʧʠʟʦʜʳ ʥʝʚʨʦʣʦʛʠʯʝʩʢʦʛʦ ʜʝʬʠʮʠʪʘ: ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʪʝʣʘ ʜʦ 40ÁC, ʩʫʜʦʨʦʞʥʳʡ ʩʠʥʜʨʦʤ (ʪʦʥʠʢʦ-ʢʣʦʥʠʯʝʩʢʠʝ ʩʫʜʦʨʦʛʠ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʦʢʦʣʦ 1 

ʤʠʥʫʪʳ, ʢʫʧʠʨʦʚʘʥʥʳʝ ʜʠʘʟʝʧʘʤʦʤ), ʥʘʨʫʰʝʥʠʝ ʩʦʟʥʘʥʠʷ (ʩʦʧʦʨ), ʦʯʘʛʦʚʘʷ ʥʝʚʨʦʣʦʛʠʯʝʩʢʘʷ 

ʩʠʤʧʪʦʤʘʪʠʢʘ ʚ ʚʠʜʝ ʧʘʨʝʟʘ ʣʠʮʝʚʦʡ ʤʫʩʢʫʣʘʪʫʨʳ ʩʣʝʚʘ, ʦʛʨʘʥʠʯʝʥʠʷ ʜʚʠʞʝʥʠʡ, ʫʪʨʘʪʳ 

ʩʧʦʩʦʙʥʦʩʪʠ ʭʦʜʠʪʴ. ɺ ʩʚʷʟʠ ʩ ʫʩʫʛʫʙʣʝʥʠʝʤ ʩʦʩʪʦʷʥʠʷ ʠ ʧʦʷʚʣʝʥʠʝʤ ʧʩʠʭʦʤʦʪʦʨʥʦʛʦ 

ʚʦʟʙʫʞʜʝʥʠʷ ʙʳʣ ʢʦʥʩʫʣʴʪʠʨʦʚʘʥ ʟʘʚʝʜʫʶʱʠʤ ʦʪʜʝʣʝʥʠʝʤ ʠ ʙʳʣ ʚʳʩʪʘʚʣʝʥ ʜʠʘʛʥʦʟ: çʆʩʪʨʳʡ 

ʩʪʚʦʣʦʚʦʡ ɻ ʥʮʝʬʘʣʠʪ, ʦʪʝʢ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ, ʩʦʧʦʨ, ʣʝʚʦʩʪʦʨʦʥʥʠʡ ʛʝʤʠʧʘʨʝʟ, ʥʝʡʨʦʧʘʪʠʷ 

ʣʠʮʝʚʦʛʦ ʥʝʨʚʘ, ʩʫʜʦʨʦʞʥʳʡ ʩʠʥʜʨʦʤ, ʧʥʝʚʤʦʥʠʷè. ʅʘ ʬʦʥʝ ʣʝʯʝʥʠʷ ʩʦʩʪʦʷʥʠʝ 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʣʦʩʴ, ʦʜʥʘʢʦ, ʚ ʜʘʣʴʥʝʡʰʝʤ ʦʪʤʝʯʘʣʠʩʴ ʵʧʠʟʦʜʳ ʨʝʩʧʠʨʘʪʦʨʥʳʭ ʠʥʬʝʢʮʠʡ ʩ 

ʬʝʙʨʠʣʴʥʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ, ʥʦ ʙʝʟ ʚʳʨʘʞʝʥʥʦʛʦ ʥʝʚʨʦʣʦʛʠʯʝʩʢʦʛʦ ʜʝʬʠʮʠʪʘ. 

ʇʨʠ ʧʦʩʪʫʧʣʝʥʠʠ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʦʙʩʣʝʜʦʚʘʥʠʝ. ʅʝʚʨʦʣʦʛʠʯʝʩʢʠʡ ʩʪʘʪʫʩ ʦʮʝʥʠʚʘʣʩʷ ʩ 

ʧʦʤʦʱʴʶ ʨʘʩʰʠʨʝʥʥʦʡ ʰʢʘʣʳ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʠʥʚʘʣʠʜʠʟʘʮʠʠ EDSS, ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʠʣʘ 8,5 

ʙʘʣʣʦʚ: ʚʳʨʘʞʝʥʥʳʡ ʪʝʪʨʘʧʘʨʝʟ, ʙʫʣʴʙʘʨʥʳʡ ʩʠʥʜʨʦʤ, ʘʬʘʟʠʷ, ʜʠʩʬʫʥʢʮʠʷ ʪʘʟʦʚʳʭ ʦʨʛʘʥʦʚ. 

ʇʨʦʚʝʜʝʥʘ ʢʦʤʧʴʶʪʝʨʥʘʷ ʪʦʤʦʛʨʘʬʠʷ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ: ʛʠʧʦʜʝʥʩʠʚʥʳʡ ʦʯʘʛ ʚ ʧʨʘʚʦʡ 

ʚʠʩʦʯʥʦʡ ʜʦʣʝ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʤʝʪʦʜʳ: ʨʝʥʪʛʝʥʦʛʨʘʬʠʷ ʛʨʫʜʥʦʡ ʢʣʝʪʢʠ-ʧʨʘʚʦʩʪʦʨʦʥʥʷʷ 

ʧʥʝʚʤʦʥʠʷ. ʋɿʀ ʧʝʯʝʥʠ: ʨʝʘʢʪʠʚʥʳʝ ʠʟʤʝʥʝʥʠʷ, ʛʝʧʘʪʦʤʝʛʘʣʠʷ. ʃʘʙʦʨʘʪʦʨʥʳʝ ʧʦʢʘʟʘʪʝʣʠ: Hb 

ð 125 ʛ/ʣ, WBC 7,0Ĭ10 /ʣ, ʪʨʦʤʙʦʮʠʪʳ 215Ĭ10 /ʣ, ʉʆʕ ð 2 ʤʤ/ʯ, ʦʙʱʠʡ ʙʠʣʠʨʫʙʠʥ 10-15 

ʤʤʦʣʴ/ʣ, ɸʃʊ 14 ð 95 ɽɼ/ʣ, ɸʉʊ 16ï60 ɽɼ/ʣ, ʛʣʶʢʦʟʘ 4,78ï5,41 ʤʤʦʣ/ʣ. 

ʄʝʪʦʜʠʢʘ ʜʠʩʢʨʝʪʥʦʛʦ ʨʫʯʥʦʛʦ ʧʣʘʟʤʘʬʝʨʝʟʘ. ʆʙʱʠʡ ʦʙʲʸʤ ʧʣʘʟʤʳ, ʧʦʜʣʝʞʘʱʠʡ 

ʫʜʘʣʝʥʠʶ ʟʘ ʦʜʥʫ ʧʨʦʮʝʜʫʨʫ, ʩʦʩʪʘʚʣʷʣ 10ï15 ʤʣ/ʢʛ ʤʘʩʩʳ ʪʝʣʘ, ʥʦ ʥʝ ʧʨʝʚʳʰʘʣ 600 ʤʣ. ʊʘʢʦʡ 

ʦʙʲʸʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʨʠʪʝʨʠʷʤ ʥʠʟʢʦʦʙʲʸʤʥʦʛʦ ʧʣʘʟʤʘʬʝʨʝʟʘ ʠ ʧʦʟʚʦʣʷʝʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ 

ʨʠʩʢ ʛʝʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʡ. ɺʦʟʤʝʱʝʥʠʝ ʫʜʘʣʸʥʥʦʡ ʧʣʘʟʤʳ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 0,9% ʨʘʩʪʚʦʨʦʤ ʥʘʪʨʠʷ ʭʣʦʨʠʜʘ. ɺ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ ʧʨʠʤʝʥʷʣʩʷ ʨʘʩʪʚʦʨ 

ʇʨʝʩʪʦʣʠʜʠʥʘ ʠʣʠ ʜʨʫʛʠʝ ʨʘʟʨʝʰʸʥʥʳʝ ʧʣʘʟʤʦʟʘʤʝʱʘʶʱʠʝ ʩʨʝʜʩʪʚʘ. ɺʩʝ ʨʘʩʪʚʦʨʳ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦʜʦʛʨʝʚʘʣʠʩʴ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʣʘ ʧʘʮʠʝʥʪʘ. 

ʂʦʥʪʨʦʣʴ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʨʦʮʝʜʫʨʳ. ɺʦ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʧʣʘʟʤʘʬʝʨʝʟʘ ʦʩʫʱʝʩʪʚʣʷʣʩʷ 

ʥʝʧʨʝʨʳʚʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʞʠʟʥʝʥʥʦ ʚʘʞʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ: ʯʘʩʪʦʪʳ ʩʝʨʜʝʯʥʳʭ ʩʦʢʨʘʱʝʥʠʡ, 

ʘʨʪʝʨʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʩʘʪʫʨʘʮʠʠ ʠ ʯʘʩʪʦʪʳ ʜʳʭʘʥʠʷ. 

ʃʘʙʦʨʘʪʦʨʥʳʡ ʢʦʥʪʨʦʣʴ ʩʠʩʪʝʤʳ ʛʝʤʦʩʪʘʟʘ ʧʨʦʚʦʜʠʣʩʷ ʜʦ ʠ ʧʦʩʣʝ ʢʘʞʜʦʡ ʧʨʦʮʝʜʫʨʳ. 

ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʣʘʟʤʘʬʝʨʝʟ ʚʳʧʦʣʥʷʣʩʷ ʢʫʨʩʦʤ (2ï5 ʩʝʘʥʩʦʚ) ʩ ʠʥʪʝʨʚʘʣʦʤ 1ï3 ʜʥʷ, ʧʦʜ 

ʢʦʥʪʨʦʣʝʤ ʢʣʠʥʠʢʦ-ʣʘʙʦʨʘʪʦʨʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʦʙʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʨʝʙʸʥʢʘ. 

ɺʩʝʛʦ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 4 ʩʝʘʥʩʘ ɼʈʇ ʩ ʵʢʩʪʨʘʢʦʨʧʦʨʘʣʴʥʦʡ ʤʦʜʠʬʠʢʘʮʠʝʡ ʢʣʝʪʦʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʢʨʦʚʠ.  

ʇʦʩʣʝ ʧʝʨʚʦʛʦ ʩʝʘʥʩʘ (17.03) ʦʪʤʝʯʘʣʦʩʴ ʫʤʝʨʝʥʥʦʝ ʫʣʫʯʰʝʥʠʝ ʦʙʱʝʛʦ ʩʘʤʦʯʫʚʩʪʚʠʷ, 

ʫʤʝʥʴʰʝʥʠʝ ʚʷʣʦʩʪʠ ʠ ʘʩʪʝʥʠʟʘʮʠʠ, ʯʘʩʪʠʯʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʨʝʘʢʮʠʡ ʥʘ ʦʙʨʘʱʸʥʥʫʶ ʨʝʯʴ, 

ʩʪʘʙʠʣʠʟʘʮʠʷ ʛʝʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ.  
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ʇʦʩʣʝ ʚʪʦʨʦʛʦ ʩʝʘʥʩʘ (20.03) ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʘ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʜʠʥʘʤʠʢʘ ʚ ʚʠʜʝ 

ʩʥʠʞʝʥʠʷ ʚʳʨʘʞʝʥʥʦʩʪʠ ʩʧʘʩʪʠʯʝʩʢʦʛʦ ʩʠʥʜʨʦʤʘ, ʧʦʚʳʰʝʥʠʷ ʤʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, 

ʫʣʫʯʰʝʥʠʷ ʤʠʢʨʦʮʠʨʢʫʣʷʮʠʠ ʠ ʦʢʨʘʩʢʠ ʢʦʞʥʳʭ ʧʦʢʨʦʚʦʚ, ʘ ʪʘʢʞʝ ʧʦʷʚʣʝʥʠʷ ʵʣʝʤʝʥʪʘʨʥʳʭ 

ʜʚʠʞʝʥʠʡ ʚ ʧʨʘʚʳʭ ʢʦʥʝʯʥʦʩʪʷʭ.  

ʇʦʩʣʝ ʪʨʝʪʴʝʛʦ ʩʝʘʥʩʘ (24.03) ð ʜʘʣʴʥʝʡʰʘʷ ʨʝʛʨʝʩʩʠʷ ʥʝʚʨʦʣʦʛʠʯʝʩʢʦʛʦ ʜʝʬʠʮʠʪʘ: 

ʦʪʤʝʯʝʥʳ ʘʢʪʠʚʥʳʝ ʧʦʧʳʪʢʠ ʜʚʠʞʝʥʠʡ ʚ ʣʝʚʳʭ ʢʦʥʝʯʥʦʩʪʷʭ, ʫʚʝʣʠʯʝʥʠʝ ʘʤʧʣʠʪʫʜʳ 

ʜʚʠʞʝʥʠʡ, ʩʥʠʞʝʥʠʝ ʚʳʨʘʞʝʥʥʦʩʪʠ ʙʫʣʴʙʘʨʥʳʭ ʧʨʦʷʚʣʝʥʠʡ, ʧʦʚʳʰʝʥʠʝ ʦʙʱʝʡ ʘʢʪʠʚʥʦʩʪʠ ʠ 

ʵʤʦʮʠʦʥʘʣʴʥʦʛʦ ʦʪʢʣʠʢʘ.  

ʇʦʩʣʝ ʯʝʪʚʸʨʪʦʛʦ ʩʝʘʥʩʘ (27.03) ð ʟʘʢʨʝʧʣʝʥʠʝ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʵʬʬʝʢʪʘ: ʫʣʫʯʰʝʥʠʝ 

ʧʨʦʠʟʚʦʣʴʥʦʡ ʜʚʠʛʘʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʯʘʩʪʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʦʧʦʨʥʦʡ 

ʬʫʥʢʮʠʠ, ʫʜʣʠʥʝʥʠʝ ʚʨʝʤʝʥʠ ʧʦʜʜʝʨʞʘʥʠʷ ʟʨʠʪʝʣʴʥʦʛʦ ʠ ʵʤʦʮʠʦʥʘʣʴʥʦʛʦ ʢʦʥʪʘʢʪʘ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʪʘʙʠʣʠʟʘʮʠʠ ʥʝʡʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʚʳʨʘʞʝʥʥʦʤ 

ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʦʤ ʦʪʚʝʪʝ ʥʘ ʪʝʨʘʧʠʶ. 

ʇʨʦʚʝʜʝʥʘ ʧʫʣʴʩ-ʪʝʨʘʧʠʷ ʤʝʪʠʣʧʨʝʜʥʠʟʦʣʦʥʦʤ: 675 ʤʛ ʚ/ʚ ʢʘʧʝʣʴʥʦ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʧʝʨʝʭʦʜʦʤ ʥʘ ʄʝʜʨʦʣ 12 ʤʛ/ʩʫʪ ʧʝʨʦʨʘʣʴʥʦ ʩ ʧʦʩʪʝʧʝʥʥʳʤ ʩʥʠʞʝʥʠʝʤ ʜʦʟʳ. 

ɸʥʪʠʙʘʢʪʝʨʠʘʣʴʥʘʷ ʪʝʨʘʧʠʷ: ʮʝʬʪʨʠʘʢʩʦʥ, ʮʝʬʝʧʠʤ, ʤʝʪʨʦʥʠʜʘʟʦʣ (ʩ ʫʯʝʪʦʤ 

ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʥʦʡ ʧʥʝʚʤʦʥʠʠ). 

ʇʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʘʷ ʠ ʩʠʤʧʪʦʤʘʪʠʯʝʩʢʘʷ ʪʝʨʘʧʠʷ: ʤʘʥʥʠʪʦʣ ʠ ʬʫʨʦʩʝʤʠʜ ʜʣʷ 

ʢʦʨʨʝʢʮʠʠ ʦʪʸʢʘ ʤʦʟʛʘ; ʤʘʛʥʝʟʠʷ, ʤʝʪʦʢʣʦʧʨʘʤʠʜ, ʛʝʧʘʨʠʥ, ʘʩʧʘʨʢʘʤ, ʦʤʝʧʨʘʟʦʣ. 

ʈʝʘʙʠʣʠʪʘʮʠʷ: ʚʝʨʪʠʢʘʣʠʟʘʮʠʷ, ʧʘʩʩʠʚʥʦ-ʘʢʪʠʚʥʳʝ ʜʚʠʞʝʥʠʷ, ʘʨʪʠʢʫʣʷʮʠʦʥʥʘʷ ʠ 

ʟʚʫʢʦʚʘʷ ʛʠʤʥʘʩʪʠʢʘ, ʫʭʦʜ ʟʘ ʧʦʣʦʩʪʴʶ ʨʪʘ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʅʘ ʤʦʤʝʥʪ ʧʦʩʪʫʧʣʝʥʠʷ ʚ ʦʪʜʝʣʝʥʠʝ ʥʝʚʨʦʣʦʛʠʠ ʧʘʮʠʝʥʪ ʠʤʝʣ ʚʳʨʘʞʝʥʥʳʡ 

ʥʝʚʨʦʣʦʛʠʯʝʩʢʠʡ ʜʝʬʠʮʠʪ: ʮʝʥʪʨʘʣʴʥʳʡ ʪʝʪʨʘʧʘʨʝʟ, ʚʳʨʘʞʝʥʥʳʡ ʣʝʚʦʩʪʦʨʦʥʥʠʡ ʛʝʤʠʧʘʨʝʟ, 

ʥʘʨʫʰʝʥʠʝ ʨʝʯʠ ʠ ʛʣʦʪʘʥʠʷ, ʧʦʣʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʧʦʩʪʦʨʦʥʥʝʡ ʧʦʤʦʱʠ.  

ʆʮʝʥʢʘ ʧʦ ʰʢʘʣʝ EDSS ʩʦʩʪʘʚʠʣʘ 8.0ï8.5, ʯʪʦ ʦʪʨʘʞʘʣʦ ʪʷʞʸʣʦʝ ʦʙʦʩʪʨʝʥʠʝ ʠ ʚʳʩʦʢʠʡ 

ʫʨʦʚʝʥʴ ʠʥʚʘʣʠʜʠʟʘʮʠʠ. 

ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʧʫʣʴʩ-ʪʝʨʘʧʠʠ ʤʝʪʠʣʧʨʝʜʥʠʟʦʣʦʥʦʤ ʠ 4 ʩʝʘʥʩʦʚ ʜʠʩʢʨʝʪʥʦʛʦ ʨʫʯʥʦʛʦ 

ʧʣʘʟʤʘʬʝʨʝʟʘ, ʦʪʤʝʯʝʥʦ ʧʦʩʪʝʧʝʥʥʦʝ ʫʣʫʯʰʝʥʠʝ ʥʝʚʨʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʢʦʪʦʨʦʝ ʤʦʞʥʦ 

ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʊʘʙʣʠʮʝ.  

 

ʊʘʙʣʠʮʘ  

ɼʀʅɸʄʀʂɸ ʅɽɺʈʆʃʆɻʀʏɽʉʂʆɻʆ ʉʊɸʊʋʉɸ ʇʆ ʐʂɸʃɽ EDSS 
 

ʇʘʨʘʤʝʪʨ ʇʨʠ ʧʦʩʪʫʧʣʝʥʠʠ ʇʨʠ ʚʳʧʠʩʢʝ 

ʆʙʱʘʷ ʦʮʝʥʢʘ ʧʦ EDSS 8,5 7,0 

ɼʚʠʛʘʪʝʣʴʥʘʷ ʬʫʥʢʮʠʷ ɺʳʨʘʞʝʥʥʳʡ ʪʝʪʨʘʧʘʨʝʟ ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʘʢʪʠʚʥʳʭ ʜʚʠʞʝʥʠʡ ʚ 

ʧʨʘʚʳʭ ʢʦʥʝʯʥʦʩʪʷʭ, ʵʣʝʤʝʥʪʳ ʦʧʦʨʥʦʡ 

ʬʫʥʢʮʠʠ ʚ ʣʝʚʳʭ ʢʦʥʝʯʥʦʩʪʷʭ 

ɹʫʣʴʙʘʨʥʳʝ ʥʘʨʫʰʝʥʠʷ ɺʳʨʘʞʝʥʥʳʝ ʥʘʨʫʰʝʥʠʷ 

ʛʣʦʪʘʥʠʷ ʠ ʬʦʥʘʮʠʠ 

ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʛʣʦʪʘʥʠʷ, ʫʣʫʯʰʝʥʠʝ 

ʬʦʥʘʮʠʠ 

ʈʝʯʝʚʘʷ ʬʫʥʢʮʠʷ ɸʬʘʟʠʷ  ʇʦʥʠʤʘʥʠʝ ʦʙʨʘʱʝʥʥʦʡ ʨʝʯʠ 

ʄʳʰʝʯʥʳʡ ʪʦʥʫʩ ʈʝʟʢʦ ʧʦʚʳʰʝʥ ʧʦ 

ʩʧʘʩʪʠʯʝʩʢʦʤʫ ʪʠʧʫ 

ɿʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʩʧʘʩʪʠʯʥʦʩʪʠ 
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ʅʘ ʬʦʥʝ ʧʨʦʚʦʜʠʤʦʡ ʪʝʨʘʧʠʠ ʦʪʤʝʯʝʥʘ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʜʠʥʘʤʠʢʘ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ: ʥʦʨʤʘʣʠʟʘʮʠʷ ʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʤʘʨʢʝʨʦʚ, ʩʪʘʙʠʣʠʟʘʮʠʷ ʵʣʝʢʪʨʦʣʠʪʥʦʛʦ ʙʘʣʘʥʩʘ 

ʠ ʧʝʯʝʥʦʯʥʳʭ ʬʝʨʤʝʥʪʦʚ. ʇʨʦʮʝʜʫʨʳ ɼʈʇ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʭʦʨʦʰʫʶ ʧʝʨʝʥʦʩʠʤʦʩʪʴ ʙʝʟ 

ʩʫʱʝʩʪʚʝʥʥʳʭ ʧʦʙʦʯʥʳʭ ʵʬʬʝʢʪʦʚ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʚ ʧʝʜʠʘʪʨʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʦʝ ʢʣʠʥʠʯʝʩʢʦʝ ʥʘʙʣʶʜʝʥʠʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʜʠʩʢʨʝʪʥʦʛʦ ʨʫʯʥʦʛʦ ʧʣʘʟʤʘʬʝʨʝʟʘ ʚ ʢʦʤʧʣʝʢʩʥʦʡ ʪʝʨʘʧʠʠ ʦʩʪʨʦʛʦ ʜʝʤʠʝʣʠʥʠʟʠʨʫʶʱʝʛʦ 

ʟʘʙʦʣʝʚʘʥʠʷ ʎʅʉ ʫ ʨʝʙʝʥʢʘ. ʋʤʝʥʴʰʝʥʠʝ ʦʮʝʥʢʠ ʧʦ ʰʢʘʣʝ EDSS ʥʘ 1,5 ʧʫʥʢʪʘ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʟʥʘʯʠʪʝʣʴʥʦʤ ʢʣʠʥʠʯʝʩʢʦʤ ʫʣʫʯʰʝʥʠʠ, ʢʦʪʦʨʦʝ ʚʳʨʘʟʠʣʦʩʴ ʚ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʜʚʠʛʘʪʝʣʴʥʳʭ ʬʫʥʢʮʠʡ, ʛʣʦʪʘʥʠʷ ʠ ʨʝʯʠ. ʇʘʪʦʛʝʥʝʪʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ 

ʧʨʠʤʝʥʝʥʠʷ ʧʣʘʟʤʘʬʝʨʝʟʘ ʧʨʠ ʜʝʤʠʝʣʠʥʠʟʠʨʫʶʱʠʭ ʟʘʙʦʣʝʚʘʥʠʷʭ ʦʩʥʦʚʘʥʦ ʥʘ ʝʛʦ 

ʩʧʦʩʦʙʥʦʩʪʠ ʫʜʘʣʷʪʴ ʠʟ ʢʨʦʚʦʪʦʢʘ ʧʘʪʦʣʦʛʠʯʝʩʢʠʝ ʘʫʪʦʘʥʪʠʪʝʣʘ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʧʨʦʪʠʚ 

ʩʪʨʫʢʪʫʨ ʤʠʝʣʠʥʘ [4]. 

ʇʨʠ ʥʘʨʫʰʝʥʠʠ ʛʝʤʘʪʦʵʥʮʝʬʘʣʠʯʝʩʢʦʛʦ ʙʘʨʴʝʨʘ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʦʙʦʩʪʨʝʥʠʡ 

ʜʝʤʠʝʣʠʥʠʟʠʨʫʶʱʠʭ ʧʨʦʮʝʩʩʦʚ, ʵʪʠ ʘʥʪʠʪʝʣʘ ʧʦʣʫʯʘʶʪ ʜʦʩʪʫʧ ʢ ʘʥʪʠʛʝʥʘʤ ʎʅʉ ʠ ʟʘʧʫʩʢʘʶʪ 

ʢʘʩʢʘʜ ʠʤʤʫʥʦʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʨʝʘʢʮʠʡ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʜʝʤʠʝʣʠʥʠʟʘʮʠʠ. ʄʝʭʘʥʠʟʤ ʜʝʡʩʪʚʠʷ 

ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʛʦ ʧʣʘʟʤʘʬʝʨʝʟʘ ʧʨʠ ʘʫʪʦʠʤʤʫʥʥʳʭ ʟʘʙʦʣʝʚʘʥʠʷʭ ʎʅʉ ʚʢʣʶʯʘʝʪ ʥʝʩʢʦʣʴʢʦ 

ʘʩʧʝʢʪʦʚ: 

1. ʇʨʷʤʦʝ ʫʜʘʣʝʥʠʝ ʧʘʪʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ: ʵʣʠʤʠʥʘʮʠʷ ʘʫʪʦʘʥʪʠʪʝʣ, ʮʠʨʢʫʣʠʨʫʶʱʠʭ 

ʠʤʤʫʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʧʨʦʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʮʠʪʦʢʠʥʦʚ [5]. 

2. ʀʤʤʫʥʦʤʦʜʫʣʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ: ʠʟʤʝʥʝʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʧʨʦʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʠ 

ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʤʝʜʠʘʪʦʨʦʚ ʚ ʧʦʣʴʟʫ ʧʦʩʣʝʜʥʠʭ. 

3. ʋʣʫʯʰʝʥʠʝ ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʨʦʚʠ ʠ ʤʠʢʨʦʮʠʨʢʫʣʷʮʠʠ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʣʫʯʰʝʤʫ ʧʨʦʥʠʢʥʦʚʝʥʠʶ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʚ ʦʯʘʛʠ ʧʦʨʘʞʝʥʠʷ. 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʟʘʩʣʫʞʠʚʘʝʪ ʤʝʪʦʜʠʢʘ ʵʢʩʪʨʘʢʦʨʧʦʨʘʣʴʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʢʣʝʪʦʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʢʨʦʚʠ, ʧʨʠʤʝʥʝʥʥʘʷ ʚ ʥʘʰʝʤ ʥʘʙʣʶʜʝʥʠʠ. ɼʦʙʘʚʣʝʥʠʝ ʚ ʨʝʩʫʩʧʝʥʜʠʨʫʶʱʫʶ ʩʨʝʜʫ 

ʠʥʜʫʢʪʦʨʦʚ ʠʥʪʝʨʬʝʨʦʥʘ ʠ ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ ʧʦʪʝʥʮʠʨʫʝʪ ʣʝʯʝʙʥʳʡ ʵʬʬʝʢʪ ʧʨʦʮʝʜʫʨʳ ʟʘ ʩʯʝʪ 

ʩʪʠʤʫʣʷʮʠʠ ʧʨʦʪʠʚʦʚʠʨʫʩʥʦʛʦ ʠʤʤʫʥʠʪʝʪʘ [6].  

ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʦʚʨʝʤʝʥʥʳʤ ʪʝʥʜʝʥʮʠʷʤ ʨʘʟʚʠʪʠʷ ʵʢʩʪʨʘʢʦʨʧʦʨʘʣʴʥʦʡ 

ʛʝʤʦʢʦʨʨʝʢʮʠʠ, ʥʘʧʨʘʚʣʝʥʥʳʤ ʥʘ ʫʣʫʯʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʪʘʥʜʘʨʪʥʳʭ ʤʝʪʦʜʠʢ. ʉʦʯʝʪʘʥʠʝ 

ʧʣʘʟʤʘʬʝʨʝʟʘ ʩ ʧʫʣʴʩ-ʪʝʨʘʧʠʝʡ ʢʦʨʪʠʢʦʩʪʝʨʦʠʜʘʤʠ ʷʚʣʷʝʪʩʷ ʧʘʪʦʛʝʥʝʪʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʳʤ, 

ʧʦʩʢʦʣʴʢʫ ʵʪʠ ʤʝʪʦʜʳ ʚʦʟʜʝʡʩʪʚʫʶʪ ʥʘ ʨʘʟʥʳʝ ʟʚʝʥʴʷ ʠʤʤʫʥʦʧʘʪʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. ɺ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʧʣʘʟʤʘʬʝʨʝʟ ʫʜʘʣʷʝʪ ʫʞʝ ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʧʘʪʦʣʦʛʠʯʝʩʢʠʝ ʘʥʪʠʪʝʣʘ, 

ʢʦʨʪʠʢʦʩʪʝʨʦʠʜʳ ʧʦʜʘʚʣʷʶʪ ʠʭ ʜʘʣʴʥʝʡʰʠʡ ʩʠʥʪʝʟ ʠ ʫʤʝʥʴʰʘʶʪ ʚʦʩʧʘʣʠʪʝʣʴʥʫʶ ʨʝʘʢʮʠʶ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʦʛʦ ʢʣʠʥʠʯʝʩʢʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʠ ʘʥʘʣʠʟʘ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

1. ɼʠʩʢʨʝʪʥʳʡ ʨʫʯʥʦʡ ʧʣʘʟʤʘʬʝʨʝʟ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʵʬʬʝʢʪʠʚʥʳʡ ʠ ʙʝʟʦʧʘʩʥʳʡ 

ʤʝʪʦʜ ʣʝʯʝʥʠʷ ʦʩʪʨʳʭ ʜʝʤʠʝʣʠʥʠʟʠʨʫʶʱʠʭ ʟʘʙʦʣʝʚʘʥʠʡ ʎʅʉ ʫ ʜʝʪʝʡ, ʧʦʟʚʦʣʷʶʱʠʡ ʜʦʩʪʠʯʴ 

ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʨʝʛʨʝʩʩʘ ʥʝʚʨʦʣʦʛʠʯʝʩʢʦʛʦ ʜʝʬʠʮʠʪʘ. 

2. ɺʢʣʶʯʝʥʠʝ ɼʈʇ ʚ ʢʦʤʧʣʝʢʩʥʫʶ ʪʝʨʘʧʠʶ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʧʫʣʴʩ-ʪʝʨʘʧʠʝʡ 

ʤʝʪʠʣʧʨʝʜʥʠʟʦʣʦʥʦʤ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʠʥʝʨʛʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ ʧʦʣʥʦʤʫ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʥʘʨʫʰʝʥʥʳʭ ʥʝʚʨʦʣʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ. 

3. ʇʨʠʤʝʥʝʥʠʝ ʵʢʩʪʨʘʢʦʨʧʦʨʘʣʴʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʢʣʝʪʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʢʨʦʚʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʜʫʢʪʦʨʦʚ ʠʥʪʝʨʬʝʨʦʥʘ ʠ ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʫʣʫʯʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʣʘʟʤʘʬʝʨʝʟʘ. 
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4. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʜʘʥʥʳʤʠ ʤʠʨʦʚʦʡ ʣʠʪʝʨʘʪʫʨʳ ʠ ʧʦʜʪʚʝʨʞʜʘʶʪ 

ʦʙʦʩʥʦʚʘʥʥʦʩʪʴ ʚʢʣʶʯʝʥʠʷ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʛʦ ʧʣʘʟʤʘʬʝʨʝʟʘ ʚ ʩʪʘʥʜʘʨʪʳ ʣʝʯʝʥʠʷ 

ʘʫʪʦʠʤʤʫʥʥʳʭ ʜʝʤʠʝʣʠʥʠʟʠʨʫʶʱʠʭ ʟʘʙʦʣʝʚʘʥʠʡ ʎʅʉ ʚ ʧʝʜʠʘʪʨʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ. 

ʇʝʨʩʧʝʢʪʠʚʳ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʚʷʟʘʥʳ ʩ ʧʨʦʚʝʜʝʥʠʝʤ ʨʘʥʜʦʤʠʟʠʨʦʚʘʥʥʳʭ 

ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʧʨʦʪʦʢʦʣʦʚ ʧʨʠʤʝʥʝʥʠʷ 

ʧʣʘʟʤʘʬʝʨʝʟʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤʘʭ ʜʝʤʠʝʣʠʥʠʟʠʨʫʶʱʠʭ ʟʘʙʦʣʝʚʘʥʠʡ ʫ ʜʝʪʝʡ, ʘ ʪʘʢʞʝ ʩ 

ʨʘʟʨʘʙʦʪʢʦʡ ʢʨʠʪʝʨʠʝʚ ʦʪʙʦʨʘ ʧʘʮʠʝʥʪʦʚ ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ. 

ɸʚʪʦʨʳ ʟʘʷʚʣʷʶʪ, ʯʪʦ ʚʥʝʰʥʝʝ ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ ʦʪʩʫʪʩʪʚʫʝʪ. 
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ɸʥʥʦʪʘʮʠʷ. ʇʨʝʜʩʪʘʚʣʝʥ ʘʥʘʣʠʟ ʜʦʣʛʦʩʨʦʯʥʦʡ ʚʳʞʠʚʘʝʤʦʩʪʠ ʠ ʧʦʩʣʝʦʧʝʨʘʮʠʦʥʥʳʭ 

ʦʩʣʦʞʥʝʥʠʡ ʫ ʧʘʮʠʝʥʪʦʢ ʩ ʨʘʢʦʤ ʰʝʡʢʠ ʤʘʪʢʠ IIb ʩʪʘʜʠʠ, ʧʦʣʫʯʘʚʰʠʭ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʝ 

ʣʝʯʝʥʠʝ ʩ ʚʢʣʶʯʝʥʠʝʤ ʥʝʦʘʜʲʶʚʘʥʪʥʦʡ ʭʠʤʠʦʪʝʨʘʧʠʠ ʠ ʭʠʨʫʨʛʠʯʝʩʢʦʛʦ ʚʤʝʰʘʪʝʣʴʩʪʚʘ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʫʩʣʦʚʣʝʥʘ ʚʳʩʦʢʠʤ ʨʠʩʢʦʤ ʨʝʮʠʜʠʚʦʚ ʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʛʦ 

ʠʩʭʦʜʘ ʧʨʠ ʩʪʘʥʜʘʨʪʥʦʡ ʪʝʨʘʧʠʠ. ʎʝʣʴ ʨʘʙʦʪʳ ð ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʢʣʠʥʠʢʦ-ʜʝʤʦʛʨʘʬʠʯʝʩʢʠʭ 

ʬʘʢʪʦʨʦʚ, ʨʝʧʨʦʜʫʢʪʠʚʥʦʛʦ ʘʥʘʤʥʝʟʘ ʠ ʧʦʩʣʝʦʧʝʨʘʮʠʦʥʥʳʭ ʦʩʣʦʞʥʝʥʠʡ ʥʘ ʧʨʦʛʥʦʟ 

ʟʘʙʦʣʝʚʘʥʠʷ. ʄʘʪʝʨʠʘʣʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʢʣʶʯʘʶʪ ʨʝʪʨʦʩʧʝʢʪʠʚʥʳʡ ʘʥʘʣʠʟ 2811 ʧʘʮʠʝʥʪʦʢ: 

661 ʧʘʮʠʝʥʪʢʘ ʦʩʥʦʚʥʦʡ ʛʨʫʧʧʳ ʠ 2151 ð ʢʦʥʪʨʦʣʴʥʦʡ. ɼʣʷ ʦʮʝʥʢʠ ʚʳʞʠʚʘʝʤʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ ʂʘʧʣʘʥʘïʄʝʡʝʨʘ ʩ ʣʦʛ-ʨʘʥʛʦʚʳʤ ʪʝʩʪʦʤ; ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʬʘʢʪʦʨʦʚ ʨʠʩʢʘ 

ʧʨʠʤʝʥʷʣʘʩʴ ʤʦʜʝʣʴ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʭ ʨʠʩʢʦʚ ʂʦʢʩʘ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘʠʙʦʣʝʝ 

ʯʘʩʪʳʤʠ ʧʦʩʣʝʦʧʝʨʘʮʠʦʥʥʳʤʠ ʦʩʣʦʞʥʝʥʠʷʤʠ ʙʳʣʠ ʣʠʤʬʦʢʠʩʪʳ (18%), ʘʪʦʥʠʷ ʤʦʯʝʚʦʛʦ 

ʧʫʟʳʨʷ (15%), ʣʠʤʬʦʩʪʘʟ (8,1%) ʠ ʣʠʤʬʦʨʝʷ (9,7%). ʅʘʣʠʯʠʝ ʦʩʣʦʞʥʝʥʠʡ ʥʝ ʦʢʘʟʘʣʦ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʣʝʪʘʣʴʥʦʩʪʴ. ʂʫʤʫʣʷʪʠʚʥʘʷ ʚʳʞʠʚʘʝʤʦʩʪʴ ʦʩʥʦʚʥʦʡ 

ʛʨʫʧʧʳ ʙʳʣʘ ʚʳʰʝ, ʯʝʤ ʚ ʢʦʥʪʨʦʣʴʥʦʡ (HR = 0,46; 95% CI: 0,25ï0,88; p = 0,018). ɿʥʘʯʠʤʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʛʥʦʟ ʦʢʘʟʘʣʠ ʚʦʟʨʘʩʪ ʧʘʮʠʝʥʪʘ (60ï74 ʛʦʜʘ, HR = 2,41; p = 0,048), ʚʦʟʨʘʩʪ ʥʘʯʘʣʘ 

ʧʦʣʦʚʦʡ ʞʠʟʥʠ Ó26 ʣʝʪ (HR = 6,10; p < 0,001) ʠ ʦʪʷʛʦʱʝʥʥʘʷ ʥʘʩʣʝʜʩʪʚʝʥʥʦʩʪʴ (p = 0,018). 

ʇʘʮʠʝʥʪʢʠ ʦʩʥʦʚʥʦʡ ʛʨʫʧʧʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʙʦʣʝʝ ʥʠʟʢʫʶ ʯʘʩʪʦʪʫ ʨʝʮʠʜʠʚʦʚ (23% 

ʧʨʦʪʠʚ 40%; p = 0,011). ʂʦʤʙʠʥʠʨʦʚʘʥʥʦʝ ʣʝʯʝʥʠʝ ʩ ʚʢʣʶʯʝʥʠʝʤ ʥʝʦʘʜʲʶʚʘʥʪʥʦʡ 

ʭʠʤʠʦʪʝʨʘʧʠʠ ʠ ʭʠʨʫʨʛʠʯʝʩʢʦʛʦ ʵʪʘʧʘ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʘʝʪ ʜʦʣʛʦʩʨʦʯʥʫʶ ʚʳʞʠʚʘʝʤʦʩʪʴ 

ʧʘʮʠʝʥʪʦʢ ʩ ʈʐʄ IIb ʩʪʘʜʠʠ ʠ ʩʥʠʞʘʝʪ ʨʠʩʢ ʨʝʮʠʜʠʚʘ. ʈʝʧʨʦʜʫʢʪʠʚʥʳʝ ʠ ʚʦʟʨʘʩʪʥʳʝ ʬʘʢʪʦʨʳ 

ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʳʤʠ ʧʨʝʜʠʢʪʦʨʘʤʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʛʦ ʠʩʭʦʜʘ, ʯʪʦ ʧʦʜʯʝʨʢʠʚʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʥʜʠʚʠʜʫʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʪʝʨʘʧʠʠ. 

 

Abstract. This article presents an analysis of long-term survival and postoperative 

complications in patients with stage IIb cervical cancer who underwent combined treatment, 

including neoadjuvant chemotherapy and surgical intervention. The relevance of the study is 

determined by the high risk of recurrence and adverse outcomes associated with standard therapy. 

The aim of the study was to evaluate the impact of clinical and demographic factors, reproductive 

history, and postoperative complications on disease prognosis. The study included a retrospective 

analysis of 2,811 patients: 661 in the experimental group and 2,151 in the control group. Survival was 

assessed using the KaplanïMeier method with the log-rank test, and risk factors were analyzed using 

the Cox proportional hazards model. Results showed that the most common postoperative 
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complications were lymphocysts (18%), bladder atony (15%), lymphedema (8.1%), and lymphorrhea 

(9.7%). The presence of complications did not significantly affect mortality. Cumulative survival in 

the experimental group was higher than in the control group (HR = 0.46; 95% CI: 0.25ï0.88; p = 

0.018). Significant prognostic factors included patient age (60ï74 years, HR = 2.41; p = 0.048), age 

at sexual debut Ó26 years (HR = 6.10; p < 0.001), and positive family history (p = 0.018). The 

experimental group also demonstrated a lower recurrence rate (23% vs. 40%; p = 0.011). Conclusions: 

Combined treatment with neoadjuvant chemotherapy and surgical intervention significantly improves 

long-term survival and reduces recurrence risk in patients with stage IIb cervical cancer. Reproductive 

and age-related factors are key predictors of adverse outcomes, highlighting the importance of 

individualized therapeutic approaches. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʘʢ ʰʝʡʢʠ ʤʘʪʢʠ, IIb ʩʪʘʜʠʷ, ʥʝʦʘʜʲʶʚʘʥʪʥʘʷ ʭʠʤʠʦʪʝʨʘʧʠʷ, 

ʭʠʨʫʨʛʠʯʝʩʢʦʝ ʚʤʝʰʘʪʝʣʴʩʪʚʦ, ʚʳʞʠʚʘʝʤʦʩʪʴ, ʧʦʩʣʝʦʧʝʨʘʮʠʦʥʥʳʝ ʦʩʣʦʞʥʝʥʠʷ. 

 

Keywords: cervical cancer, stage IIb, neoadjuvant chemotherapy, surgical intervention, 

survival, postoperative complications. 

 

ʈʘʢ ʰʝʡʢʠ ʤʘʪʢʠ (ʈʐʄ) ʦʩʪʘʝʪʩʷ ʦʜʥʦʡ ʠʟ ʚʝʜʫʱʠʭ ʧʨʠʯʠʥ ʞʝʥʩʢʦʡ ʦʥʢʦʣʦʛʠʯʝʩʢʦʡ 

ʩʤʝʨʪʥʦʩʪʠ. IIb ʩʪʘʜʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʦʧʫʭʦʣʠ ʥʘ ʧʘʨʘʤʝʪʨʳ ʙʝʟ 

ʚʦʚʣʝʯʝʥʠʷ ʥʠʞʥʝʡ ʪʨʝʪʠ ʚʣʘʛʘʣʠʱʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʜʦʩʪʠʞʝʥʠʷ ʚ ʭʠʤʠʦ- ʠ ʣʫʯʝʚʦʡ ʪʝʨʘʧʠʠ, 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ ʩ ʚʢʣʶʯʝʥʠʝʤ ʭʠʨʫʨʛʠʠ ʤʦʞʝʪ ʫʣʫʯʰʠʪʴ ʜʦʣʛʦʩʨʦʯʥʳʡ ʧʨʦʛʥʦʟ. 

ʅʘʩʪʦʷʱʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʦʮʝʥʢʫ ʚʳʞʠʚʘʝʤʦʩʪʠ ʠ ʯʘʩʪʦʪʳ ʧʦʩʣʝʦʧʝʨʘʮʠʦʥʥʳʭ 

ʦʩʣʦʞʥʝʥʠʡ ʫ ʧʘʮʠʝʥʪʦʢ ʩ ʈʐʄ IIb ʩʪʘʜʠʠ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʣʝʯʝʥʠʷ. 
 

ʄʘʪʝʨʠʘʣ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʈʝʪʨʦʩʧʝʢʪʠʚʥʦʝ ʢʦʛʦʨʪʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʭʚʘʪʳʚʘʣʦ 2811 ʧʘʮʠʝʥʪʦʢ, ʧʨʦʣʝʯʝʥʥʳʭ ʩ 

20XX ʧʦ 20XX ʛʦʜ. ʆʩʥʦʚʥʘʷ ʛʨʫʧʧʘ ʚʢʣʶʯʘʣʘ 661 ʧʘʮʠʝʥʪʢʫ, ʧʦʣʫʯʘʚʰʫʶ ʥʝʦʘʜʲʶʚʘʥʪʥʫʶ 

ʭʠʤʠʦʪʝʨʘʧʠʶ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʭʠʨʫʨʛʠʝʡ. ʂʦʥʪʨʦʣʴʥʘʷ ʛʨʫʧʧʘ (N=2151) ʣʝʯʠʣʘʩʴ 

ʩʪʘʥʜʘʨʪʥʦʡ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʣʫʯʝʚʦʡ ʪʝʨʘʧʠʝʡ. 

ɺʳʞʠʚʘʝʤʦʩʪʴ ʦʮʝʥʠʚʘʣʘʩʴ ʤʝʪʦʜʦʤ ʂʘʧʣʘʥʘïʄʝʡʝʨʘ, ʨʘʟʣʠʯʠʷ ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʣʦʛ-

ʨʘʥʛʦʚʳʤ ʪʝʩʪʦʤ. ɺʣʠʷʥʠʝ ʢʣʠʥʠʢʦ-ʜʝʤʦʛʨʘʬʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ (ʚʦʟʨʘʩʪ, ʤʝʩʪʦ ʧʨʦʞʠʚʘʥʠʷ, 

ʨʝʧʨʦʜʫʢʪʠʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʩʦʧʫʪʩʪʚʫʶʱʠʝ ʟʘʙʦʣʝʚʘʥʠʷ, ʥʘʣʠʯʠʝ ʦʩʣʦʞʥʝʥʠʡ) 

ʦʮʝʥʠʚʘʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʤʦʜʝʣʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʭ ʨʠʩʢʦʚ ʂʦʢʩʘ. 
 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʇʦʩʣʝʦʧʝʨʘʮʠʦʥʥʳʝ ʦʩʣʦʞʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʊʘʙʣʠʮʝ 1. 
 

ʊʘʙʣʠʮʘ 1 

ʏɸʉʊʆʊɸ ʇʆʉʃɽʆʇɽʈɸʎʀʆʅʅʓʍ ʆʉʃʆɾʅɽʅʀʁ  

ʋ ʇɸʎʀɽʅʊʆʂ ʆʉʅʆɺʅʆʁ ɻʈʋʇʇʓ 
 

ʆʩʣʦʞʥʝʥʠʝ N (%) 

ʃʠʤʬʦʢʠʩʪʳ 119 (18%) 

ɸʪʦʥʠʷ ʤʦʯʝʚʦʛʦ ʧʫʟʳʨʷ 99 (15%) 

ʉʧʘʝʯʥʳʝ ʧʨʦʮʝʩʩʳ 11 (1,6%) 

ʃʠʤʬʦʩʪʘʟ 54 (8,1%) 

ʃʠʤʬʦʨʨʝʷ 64 (9,7%) 

ʇʫʟʳʨʥʦ-ʚʣʘʛʘʣʠʱʥʳʝ ʩʚʠʱʠ 32 (4,8%) 

ʇʝʨʠʢʫʣʴʪʠʪ 32 (4,8%) 

ʅʝʩʦʩʪʦʷʪʝʣʴʥʦʩʪʴ ʢʫʣʴʪʠ ʚʣʘʛʘʣʠʱʘ 11 (1,6%) 
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ʅʘʠʙʦʣʝʝ ʯʘʩʪʳʤʠ ʙʳʣʠ ʣʠʤʬʘʪʠʯʝʩʢʠʝ ʥʘʨʫʰʝʥʠʷ ʠ ʜʠʩʬʫʥʢʮʠʷ ʤʦʯʝʚʦʛʦ ʧʫʟʳʨʷ. 

ʉʧʘʝʯʥʳʝ ʧʨʦʮʝʩʩʳ ʠ ʩʚʠʱʠ ʚʩʪʨʝʯʘʣʠʩʴ ʨʝʞʝ, ʥʦ ʪʨʝʙʦʚʘʣʠ ʙʦʣʝʝ ʩʣʦʞʥʦʛʦ ʣʝʯʝʥʠʷ. 

 

 
 

ʈʠʩʫʥʦʢ. ʢʫʤʫʣʷʪʠʚʥʘʷ ʚʳʞʠʚʘʝʤʦʩʪʴ ʧʘʮʠʝʥʪʦʢ, ʨ<0,0001 

 

ʅʘ ʈʠʩʫʥʢʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʫʤʫʣʷʪʠʚʥʘʷ ʚʳʞʠʚʘʝʤʦʩʪʴ ʧʘʮʠʝʥʪʦʢ ʩ ʈʐʄ IIb ʩʪʘʜʠʠ ʚ 

ʦʩʥʦʚʥʦʡ ʠ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʘʭ. ʆʩʥʦʚʥʘʷ ʛʨʫʧʧʘ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʧʨʝʠʤʫʱʝʩʪʚʦ ʚ ʜʦʣʛʦʩʨʦʯʥʦʡ ʚʳʞʠʚʘʝʤʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʦʡ, ʯʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʡ ʨʘʟʥʠʮʝʡ (p<0,0001), ʦʪʨʘʞʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʣʝʯʝʥʠʷ. ɺ ʦʩʥʦʚʥʦʡ ʛʨʫʧʧʝ 77% ʧʘʮʠʝʥʪʦʢ ʦʩʪʘʣʠʩʴ ʞʠʚʳ, 

ʨʝʮʠʜʠʚ ʥʘʙʣʶʜʘʣʩʷ ʫ 23%. ɺ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʝ ʚʳʞʠʚʘʝʤʦʩʪʴ ʩʦʩʪʘʚʠʣʘ 60%, ʨʝʮʠʜʠʚ ð 

40% (p=0,011), ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʣʝʯʝʥʠʷ (ʊʘʙʣʠʮʘ 2). ʈʠʩʢ 

ʩʤʝʨʪʠ ʧʦʚʳʰʝʥ ʧʨʠ ʛʦʨʦʜʩʢʦʤ ʧʨʦʞʠʚʘʥʠʠ (HR = 2,02), ʚʦʟʨʘʩʪʝ 60ï74 ʣʝʪ (HR = 2,41) ʠ 

ʧʦʟʜʥʝʤ ʥʘʯʘʣʝ ʧʦʣʦʚʦʡ ʞʠʟʥʠ Ó26 ʣʝʪ (HR = 6,10). ʃʝʯʝʥʠʝ ʚ ʦʩʥʦʚʥʦʡ ʛʨʫʧʧʝ ʩʥʠʞʘʝʪ ʨʠʩʢ 

ʣʝʪʘʣʴʥʦʛʦ ʠʩʭʦʜʘ ʥʘ 54% (HR = 0,46), ʧʦʜʪʚʝʨʞʜʘʷ ʟʘʱʠʪʥʳʡ ʵʬʬʝʢʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ 

(ʊʘʙʣʠʮʘ 3). 
 

ʊʘʙʣʠʮʘ 2 

ʂʋʄʋʃʗʊʀɺʅɸʗ ɺʓɾʀɺɸɽʄʆʉʊʔ ʀ ʈɽʎʀɼʀɺʓ ɿɸɹʆʃɽɺɸʅʀʗ 
 

ɻʨʫʧʧʘ ɾʠʚʳ N (%) ʈʝʮʠʜʠʚ N (%) p-value 

ʆʩʥʦʚʥʘʷ 51 (77%) 15 (23%) 0,011 

ʂʦʥʪʨʦʣʴʥʘʷ 129 (60%) 86 (40%) - 

ɺʩʝʛʦ 180 (64%) 101 (36%) - 

 

ʊʘʙʣʠʮʘ 3 

ɺʃʀʗʅʀɽ ʂʃʀʅʀʂʆ-ɼɽʄʆɻʈɸʌʀʏɽʉʂʀʍ ʌɸʂʊʆʈʆɺ 

 ʅɸ ʈʀʉʂ ʃɽʊɸʃʔʅʆɻʆ ʀʉʍʆɼɸ 
 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ HR 95% CI p-value 

ɻʦʨʦʜʩʢʦʝ ʧʨʦʞʠʚʘʥʠʝ 2,02 1,17ï3,50 0,012 

ʇʦʞʠʣʦʡ ʚʦʟʨʘʩʪ (60ï74) 2,41 1,01ï5,77 0,048 

ʇʦʟʜʥʝʝ ʥʘʯʘʣʦ ʧʦʣʦʚʦʡ ʞʠʟʥʠ (Ó26 ʣʝʪ) 6,10 2,92ï12,8 <0,001 

ʆʩʥʦʚʥʘʷ ʛʨʫʧʧʘ (ʣʝʯʝʥʠʝ) 0,46 0,25ï0,88 0,018 

 

ʆʙʩʫʞʜʝʥʠʝ 

ʈʝʟʫʣʴʪʘʪʳ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʞʜʘʶʪ ʢʣʠʥʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʣʝʯʝʥʠʷ ʧʘʮʠʝʥʪʦʢ ʩ ʨʘʢʦʤ ʰʝʡʢʠ ʤʘʪʢʠ IIb ʩʪʘʜʠʠ, ʚʢʣʶʯʘʶʱʝʛʦ 
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ʭʠʨʫʨʛʠʯʝʩʢʠʡ ʵʪʘʧ, ʭʠʤʠʦʪʝʨʘʧʠʶ ʠ/ʠʣʠ ʣʫʯʝʚʫʶ ʪʝʨʘʧʠʶ. ʆʩʥʦʚʥʘʷ ʛʨʫʧʧʘ ʧʘʮʠʝʥʪʦʢ, 

ʧʦʣʫʯʘʚʰʠʭ ʢʦʤʧʣʝʢʩʥʦʝ ʣʝʯʝʥʠʝ, ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʣʫʯʰʝʥʠʝ 

ʜʦʣʛʦʩʨʦʯʥʦʡ ʚʳʞʠʚʘʝʤʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʦʡ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʘʥʥʳʤ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʦʧʪʠʤʠʟʘʮʠʠ ʪʝʨʘʧʠʠ ʣʦʢʘʣʴʥʦ-ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʛʦ ʈʐʄ. 

ʇʦʩʣʝʦʧʝʨʘʮʠʦʥʥʳʝ ʦʩʣʦʞʥʝʥʠʷ, ʚʢʣʶʯʘʷ ʢʨʦʚʦʪʝʯʝʥʠʷ, ʠʥʬʝʢʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ, 

ʣʠʤʬʦʩʪʘʟ ʠ ʜʨʫʛʠʝ ʨʘʥʥʠʝ ʧʦʩʪʦʧʝʨʘʮʠʦʥʥʳʝ ʩʦʙʳʪʠʷ, ʥʝ ʦʢʘʟʳʚʘʶʪ ʥʝʛʘʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ 

ʜʦʣʛʦʩʨʦʯʥʳʡ ʧʨʦʛʥʦʟ ʧʨʠ ʩʚʦʝʚʨʝʤʝʥʥʦʡ ʜʠʘʛʥʦʩʪʠʢʝ ʠ ʘʜʝʢʚʘʪʥʦʡ ʢʦʨʨʝʢʮʠʠ. ʕʪʦ 

ʧʦʜʯʝʨʢʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʩʪʦʧʝʨʘʮʠʦʥʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʠ 

ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʪʦʢʦʣʦʚ ʫʧʨʘʚʣʝʥʠʷ ʦʩʣʦʞʥʝʥʠʷʤʠ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʝʨʘʧʠʠ. 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʩʣʝʜʫʝʪ ʫʜʝʣʷʪʴ ʢʣʠʥʠʢʦ-ʜʝʤʦʛʨʘʬʠʯʝʩʢʠʤ ʬʘʢʪʦʨʘʤ. ʅʘʰʠ ʜʘʥʥʳʝ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦʞʠʣʦʡ ʚʦʟʨʘʩʪ, ʛʦʨʦʜʩʢʦʡ ʪʠʧ ʧʨʦʞʠʚʘʥʠʷ ʠ ʧʦʟʜʥʝʝ ʥʘʯʘʣʦ ʧʦʣʦʚʦʡ ʞʠʟʥʠ 

ʷʚʣʷʶʪʩʷ ʥʝʟʘʚʠʩʠʤʳʤʠ ʬʘʢʪʦʨʘʤʠ ʨʠʩʢʘ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʛʦ ʠʩʭʦʜʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʢʣʶʯʝʥʠʝ 

ʭʠʨʫʨʛʠʯʝʩʢʦʛʦ ʵʪʘʧʘ ʚ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʝ ʣʝʯʝʥʠʝ ʩʥʠʞʘʝʪ ʨʠʩʢ ʣʝʪʘʣʴʥʦʛʦ ʠʩʭʦʜʘ ʧʦʯʪʠ ʚ ʜʚʘ 

ʨʘʟʘ. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʥʜʠʚʠʜʫʘʣʠʟʘʮʠʠ ʣʝʯʝʙʥʳʭ ʩʪʨʘʪʝʛʠʡ ʩ 

ʫʯʝʪʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʘʮʠʝʥʪʢʠ, ʚʢʣʶʯʘʷ ʚʦʟʨʘʩʪ, ʩʦʮʠʘʣʴʥʦ-ɻ ʢʦʥʦʤʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʠ 

ʨʝʧʨʦʜʫʢʪʠʚʥʫʶ ʠʩʪʦʨʠʶ, ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʪʝʨʘʧʠʠ ʠ ʤʠʥʠʤʠʟʘʮʠʠ ʨʠʩʢʘ 

ʨʝʮʠʜʠʚʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ ʩ ʭʠʨʫʨʛʠʯʝʩʢʠʤ ʵʪʘʧʦʤ ʷʚʣʷʝʪʩʷ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʡ ʩʪʨʘʪʝʛʠʝʡ ʧʨʠ ʣʝʯʝʥʠʠ ʈʐʄ IIb ʩʪʘʜʠʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʫʣʫʯʰʝʥʠʝ 

ʚʳʞʠʚʘʝʤʦʩʪʠ ʠ ʢʦʥʪʨʦʣʴ ʥʘʜ ʨʝʮʠʜʠʚʘʤʠ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʯʝʨʢʠʚʘʶʪ 

ʟʥʘʯʠʤʦʩʪʴ ʠʥʪʝʛʨʘʮʠʠ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʦʜʭʦʜʘ, ʪʱʘʪʝʣʴʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʪʝʨʘʧʠʠ ʠ 

ʘʢʪʠʚʥʦʛʦ ʚʝʜʝʥʠʷ ʧʦʩʣʝʦʧʝʨʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʢʣʠʥʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʂʦʤʙʠʥʠʨʦʚʘʥʥʦʝ ʣʝʯʝʥʠʝ, ʚʢʣʶʯʘʶʱʝʝ ʭʠʨʫʨʛʠʯʝʩʢʠʡ ʵʪʘʧ, ʭʠʤʠʦʪʝʨʘʧʠʶ ʠ/ʠʣʠ 

ʣʫʯʝʚʫʶ ʪʝʨʘʧʠʶ, ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʣʫʯʰʝʥʠʝ ʜʦʣʛʦʩʨʦʯʥʦʡ ʚʳʞʠʚʘʝʤʦʩʪʠ 

ʧʘʮʠʝʥʪʦʢ ʩ ʨʘʢʦʤ ʰʝʡʢʠ ʤʘʪʢʠ IIb ʩʪʘʜʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʦʥʦʪʝʨʘʧʠʝʡ. ʈʝʪʨʦʩʧʝʢʪʠʚʥʳʡ 

ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʦʩʥʦʚʥʦʡ ʛʨʫʧʧʝ, ʛʜʝ ʧʨʠʤʝʥʷʣʦʩʴ ʢʦʤʧʣʝʢʩʥʦʝ ʣʝʯʝʥʠʝ, ʜʦʣʷ ʚʳʞʠʚʰʠʭ 

ʯʝʨʝʟ 5 ʣʝʪ ʩʦʩʪʘʚʠʣʘ 77%, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ, ʯʝʤ ʚ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʝ (60%), ʘ ʯʘʩʪʦʪʘ 

ʨʝʮʠʜʠʚʦʚ ʩʥʠʟʠʣʘʩʴ ʧʦʯʪʠ ʚ ʜʚʘ ʨʘʟʘ. ʇʦʩʣʝʦʧʝʨʘʮʠʦʥʥʳʝ ʦʩʣʦʞʥʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ 

ʢʨʦʚʦʪʝʯʝʥʠʷ, ʠʥʬʝʢʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʠʣʠ ʣʠʤʬʦʩʪʘʟ, ʧʨʠ ʩʚʦʝʚʨʝʤʝʥʥʦʡ ʢʦʨʨʝʢʮʠʠ ʠ 

ʘʜʝʢʚʘʪʥʦʡ ʧʦʩʪʦʧʝʨʘʮʠʦʥʥʦʡ ʧʦʜʜʝʨʞʢʝ ʥʝ ʦʢʘʟʳʚʘʶʪ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʝʨʘʧʠʠ ʠ ʥʝ ʧʨʠʚʦʜʷʪ ʢ ʫʭʫʜʰʝʥʠʶ ʚʳʞʠʚʘʝʤʦʩʪʠ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʩʣʝʦʧʝʨʘʮʠʦʥʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦʡ ʢʦʨʨʝʢʮʠʠ 

ʚʳʷʚʣʝʥʥʳʭ ʦʩʣʦʞʥʝʥʠʡ. ʂʣʠʥʠʢʦ-ʜʝʤʦʛʨʘʬʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʪ ʥʘ 

ʧʨʦʛʥʦʟ: ʛʦʨʦʜʩʢʦʡ ʪʠʧ ʧʨʦʞʠʚʘʥʠʷ, ʧʦʞʠʣʦʡ ʚʦʟʨʘʩʪ ʠ ʧʦʟʜʥʝʝ ʥʘʯʘʣʦ ʧʦʣʦʚʦʡ ʞʠʟʥʠ 

ʩʚʷʟʘʥʳ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʨʠʩʢʦʤ ʣʝʪʘʣʴʥʦʛʦ ʠʩʭʦʜʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʦʚʝʜʝʥʠʝ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʣʝʯʝʥʠʷ ʩʥʠʞʘʝʪ ʵʪʦʪ ʨʠʩʢ ʧʦʯʪʠ ʚ ʜʚʘ ʨʘʟʘ (HR=0,46). ʕʪʠ ʜʘʥʥʳʝ 

ʧʦʜʯʝʨʢʠʚʘʶʪ ʚʘʞʥʦʩʪʴ ʠʥʜʠʚʠʜʫʘʣʠʟʘʮʠʠ ʪʝʨʘʧʠʠ ʩ ʫʯʝʪʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʘʮʠʝʥʪʢʠ ʜʣʷ 

ʦʧʪʠʤʠʟʘʮʠʠ ʠʩʭʦʜʦʚ ʣʝʯʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ ʷʚʣʷʝʪʩʷ 

ʵʬʬʝʢʪʠʚʥʦʡ ʩʪʨʘʪʝʛʠʝʡ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʚʳʞʠʚʘʝʤʦʩʪʠ ʠ ʩʥʠʞʝʥʠʷ ʨʠʩʢʘ ʨʝʮʠʜʠʚʦʚ ʫ 

ʧʘʮʠʝʥʪʦʢ ʩ ʈʐʄ IIb ʩʪʘʜʠʠ. ʈʝʢʦʤʝʥʜʦʚʘʥʦ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʨʘʥʥʝʝ ʚʳʷʚʣʝʥʠʝ ʬʘʢʪʦʨʦʚ 

ʨʠʩʢʘ, ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʡ ʚʳʙʦʨ ʤʝʪʦʜʦʚ ʣʝʯʝʥʠʷ ʠ ʪʱʘʪʝʣʴʥʳʡ ʤʦʥʠʪʦʨʠʥʛ 

ʧʦʩʣʝʦʧʝʨʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʝʨʘʧʠʠ. 

 



ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ / Bulletin of Science and Practice 

https://www.bulletennauki.ru 

ʊ. 12. ˉ3 2026 

https://doi.org/10.33619/2414-2948/124 

 

 ʊʠʧ ʣʠʮʝʥʟʠʠ CC: Attribution 4.0 International (CC BY 4.0) 223 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. Arbyn M., Weiderpass E., Bruni L., de Sanjos® S., Saraiya M., Ferlay J., Bray F Estimates of 

incidence and mortality of cervical cancer in 2018: a worldwide analysis // The Lancet Global Health. 

2020. V. 8. ˉ2. P. e191-e203. https://doi.org/10.1016/S2214-109X(19)30482-6 

2. Li W., Liang H., Wang W., Liu J., Liu X., Lao S., He J. Global cancer statistics for adolescents 

and young adults: population based study // Journal of hematology & oncology. 2024. V. 17. ˉ1. P. 

99. https://doi.org/10.1186/s13045-024-01623-9 

3. Sung H., Ferlay J., Siegel R. L., Laversanne M., Soerjomataram I., Jemal A., Bray F. Global 

cancer statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers 

in 185 countries // CA: a cancer journal for clinicians. 2021. V. 71. ˉ3. P. 209-249. 

https://doi.org/10.3322/caac.21660 

4. Viveros-Carre¶o D., Fernandes A., Pareja R. Updates on cervical cancer prevention // 

International Journal of Gynecological Cancer. 2023. V. 33. ˉ3. P. 394-402.  

5. Brisson M., Kim J. J., Canfell K., Drolet M., Gingras G., Burger E. A., Hutubessy R. Impact 

of HPV vaccination and cervical screening on cervical cancer elimination: a comparative modelling 

analysis in 78 low-income and lower-middle-income countries // The Lancet. 2020. V. 395. ˉ10224. 

P. 575-590. https://doi.org/10.1016/S0140-6736(20)30068-4 

6. Quinn M., Babb P., Jones J., Allen E. PapersEffect of screening on incidence of and mortality 

from cancer of cervix in England: evaluation based on routinely collected statistics // Bmj. 1999. V. 

318. ˉ7188. P. 904. https://doi.org/10.1136/bmj.318.7188.904 

7. Bhatla N., Singhal S. Primary HPV screening for cervical cancer // Best Practice & Research 

Clinical Obstetrics & Gynaecology. 2020. V. 65. P. 98-108. 

https://doi.org/10.1016/j.bpobgyn.2020.02.008 

8. Wang H. Z., He R. J., Zhuang X. R., Xue Y. W., Lu Y. Assessment of long term sexual 

function of cervical cancer survivors after treatment: A cross sectional study // Journal of Obstetrics 

and Gynaecology Research. 2022. V. 48. ˉ11. P. 2888-2895. https://doi.org/10.1111/jog.15406 

9. Zhou Y. Y., Chang M., Li C. P., Han X. L., Fang P., Xia X. P. Causal effect of age first had 

sexual intercourse and lifetime number of sexual partners on cervical cancer // Heliyon. 2024. V. 10. 

ˉ1. https://doi.org/10.1016/j.heliyon.2023.e23758 

10. Singh G. K., Azuine R. E., Siahpush M. Global inequalities in cervical cancer incidence and 

mortality are linked to deprivation, low socioeconomic status, and human development // 

International Journal of MCH and AIDS. 2012. V. 1. ˉ1. P. 17. https://doi.org/10.21106/ijma.12 

11. Huang H., Feng Y. L., Wan T., Zhang Y. N., Cao X. P., Huang Y. W., Liu J. H. Effectiveness 

of sequential chemoradiation vs concurrent chemoradiation or radiation alone in adjuvant treatment 

after hysterectomy for cervical cancer: the STARS phase 3 randomized clinical trial // JAMA 

oncology. 2021. V. 7. ˉ3. P. 361-369. https://doi.org/10.1001/jamaoncol.2020.7168 

12. Shimada M., Tokunaga H., Kigawa J., Yaegashi N. Impact of histopathological risk factors 

on the treatment of stage IB-IIB uterine cervical cancer // The Tohoku Journal of Experimental 

Medicine. 2020. V. 252. ˉ4. P. 339-351. https://doi.org/10.1620/tjem.252.339 

13. Zhao X., Sun W., Ren Y., Lu Z. Therapeutic potential of p53 reactivation in cervical cancer 

// Critical Reviews in Oncology/Hematology. 2021. V. 157. P. 103182. 

https://doi.org/10.1016/j.critrevonc.2020.103182 

14. Li Q., Xie B., Chen X., Lu B., Chen S., Sheng X., Zhao Y. (SNORD6 promotes cervical 

cancer progression by accelerating E6-mediated p53 degradation // Cell Death Discovery. 2023. V. 

9. ˉ1. P. 192. https://doi.org/10.1038/s41420-023-01488-w 

15 ʀʩʘʢʦʚʘ ɾ. ʊ., ʂʠʧʝʥʴ ɺ. ʅ., ɹʫʢʫʝʚ ʅ. ʄ., ʊʘʣʘʡʙʝʢʦʚʘ ʕ. ʊ., ɸʡʪʙʘʝʚ ʂ. ɸ., ɸʣʜʘʰʝʚʘ 

ʅ. ʄ., ʉʫʣʪʘʥʛʘʟʠʝʚʘ ɹ. ɹ. ɸʩʩʦʮʠʘʮʠʷ ʧʦʣʠʤʦʨʬʠʟʤʘ ʛʝʥʦʚ TP53 ʠ XRCC1 ʩ ʥʘʣʠʯʠʝʤ ʚʠʨʫʩʘ 



ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ / Bulletin of Science and Practice 

https://www.bulletennauki.ru 

ʊ. 12. ˉ3 2026 

https://doi.org/10.33619/2414-2948/124 

 

 ʊʠʧ ʣʠʮʝʥʟʠʠ CC: Attribution 4.0 International (CC BY 4.0) 224 

ʧʘʧʠʣʣʦʤʳ ʯʝʣʦʚʝʢʘ 16 ʠ 18 ʪʠʧʦʚ ʠ ʫʨʦʚʥʝʤ ʦʥʢʦʤʘʨʢʝʨʦʚ ʚ ʢʨʦʚʠ ʫ ʞʝʥʱʠʥ ʩ ʨʘʢʦʤ ʰʝʡʢʠ 

ʤʘʪʢʠ // ʄʝʜʠʮʠʥʩʢʘʷ ʛʝʥʝʪʠʢʘ. 2019. ʊ. 18. ˉ7. ʉ. 26-33. https://doi.org/10.25557/2073-

7998.2019.07.26-33 

 

References: 

1. Arbyn, M., Weiderpass, E., Bruni, L., de Sanjos®, S., Saraiya, M., Ferlay, J., & Bray, F. 

(2020). Estimates of incidence and mortality of cervical cancer in 2018: a worldwide analysis. The 

Lancet Global Health, 8(2), e191-e203. https://doi.org/10.1016/S2214-109X(19)30482-6 

2. Li, W., Liang, H., Wang, W., Liu, J., Liu, X., Lao, S., ... & He, J. (2024). Global cancer 

statistics for adolescents and young adults: population based study. Journal of hematology & 

oncology, 17(1), 99. https://doi.org/10.1186/s13045-024-01623-9 

3. Sung, H., Ferlay, J., Siegel, R. L., Laversanne, M., Soerjomataram, I., Jemal, A., & Bray, F. 

(2021). Global cancer statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide 

for 36 cancers in 185 countries. CA: a cancer journal for clinicians, 71(3), 209-249. 

https://doi.org/10.3322/caac.21660 

4. Viveros-Carre¶o, D., Fernandes, A., & Pareja, R. (2023). Updates on cervical cancer 

prevention. International Journal of Gynecological Cancer, 33(3), 394-402.  

5. Brisson, M., Kim, J. J., Canfell, K., Drolet, M., Gingras, G., Burger, E. A., ... & Hutubessy, 

R. (2020). Impact of HPV vaccination and cervical screening on cervical cancer elimination: a 

comparative modelling analysis in 78 low-income and lower-middle-income countries. The Lancet, 

395(10224), 575-590. https://doi.org/10.1016/S0140-6736(20)30068-4 

6. Quinn, M., Babb, P., Jones, J., & Allen, E. (1999). PapersEffect of screening on incidence of 

and mortality from cancer of cervix in England: evaluation based on routinely collected statistics. 

Bmj, 318(7188), 904. https://doi.org/10.1136/bmj.318.7188.904 

7. Bhatla, N., & Singhal, S. (2020). Primary HPV screening for cervical cancer. Best Practice 

& Research Clinical Obstetrics & Gynaecology, 65, 98-108. 

https://doi.org/10.1016/j.bpobgyn.2020.02.008 

8. Wang, H. Z., He, R. J., Zhuang, X. R., Xue, Y. W., & Lu, Y. (2022). Assessment of long term 

sexual function of cervical cancer survivors after treatment: A cros https://doi.org/10.1111/jog.15406 

s sectional study. Journal of Obstetrics and Gynaecology Research, 48(11), 2888-2895. 

9. Zhou, Y. Y., Chang, M., Li, C. P., Han, X. L., Fang, P., & Xia, X. P. (2024). Causal effect of 

age first had sexual intercourse and lifetime number of sexual partners on cervical cancer. Heliyon, 

10(1). https://doi.org/10.1016/j.heliyon.2023.e23758 

10. Singh, G. K., Azuine, R. E., & Siahpush, M. (2012). Global inequalities in cervical cancer 

incidence and mortality are linked to deprivation, low socioeconomic status, and human development. 

International Journal of MCH and AIDS, 1(1), 17. https://doi.org/10.21106/ijma.12 

11. Huang, H., Feng, Y. L., Wan, T., Zhang, Y. N., Cao, X. P., Huang, Y. W., ... & Liu, J. H. 

(2021). Effectiveness of sequential chemoradiation vs concurrent chemoradiation or radiation alone 

in adjuvant treatment after hysterectomy for cervical cancer: the STARS phase 3 randomized clinical 

trial. JAMA oncology, 7(3), 361-369. https://doi.org/10.1001/jamaoncol.2020.7168 

12. Shimada, M., Tokunaga, H., Kigawa, J., & Yaegashi, N. (2020). Impact of histopathological 

risk factors on the treatment of stage IB-IIB uterine cervical cancer. The Tohoku Journal of 

Experimental Medicine, 252(4), 339-351. https://doi.org/10.1620/tjem.252.339 

13. Zhao, X., Sun, W., Ren, Y., & Lu, Z. (2021). Therapeutic potential of p53 reactivation in 

cervical cancer. Critical Reviews in Oncology/Hematology, 157, 103182. 

https://doi.org/10.1016/j.critrevonc.2020.103182 



ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ / Bulletin of Science and Practice 

https://www.bulletennauki.ru 

ʊ. 12. ˉ3 2026 

https://doi.org/10.33619/2414-2948/124 

 

 ʊʠʧ ʣʠʮʝʥʟʠʠ CC: Attribution 4.0 International (CC BY 4.0) 225 

14. Li, Q., Xie, B., Chen, X., Lu, B., Chen, S., Sheng, X., & Zhao, Y. (2023). SNORD6 promotes 

cervical cancer progression by accelerating E6-mediated p53 degradation. Cell Death Discovery, 

9(1), 192. https://doi.org/10.1038/s41420-023-01488-w 

15 Isakova, Zh. T., Kipen', V. N., Bukuev, N. M., Talaibekova, E. T., Aitbaev, K. A., Aldasheva, 

N. M., ... & Sultangazieva, B. B. (2019). Assotsiatsiya polimorfizma genov TP53 i XRCC1 s 

nalichiem virusa papillomy cheloveka 16 i 18 tipov i urovnem onkomarkerov v krovi u zhenshchin s 

rakom sheiki matki. Meditsinskaya genetika, 18(7), 26-33. (in Russian). 

https://doi.org/10.25557/2073-7998.2019.07.26-33 

 

 

ʇʦʩʪʫʧʠʣʘ ʚ ʨʝʜʘʢʮʠʶ 

13.01.2026 ʛ. 

 ʇʨʠʥʷʪʘ ʢ ʧʫʙʣʠʢʘʮʠʠ 

25.01.2026 ʛ. 

____________________________________________________________________________ 

 

 

ʉʩʳʣʢʘ ʜʣʷ ʮʠʪʠʨʦʚʘʥʠʷ: 

ʐʘʨʰʝʥʙʘʝʚʘ ɸ. ʐ. ɼʦʣʛʦʩʨʦʯʥʘʷ ʚʳʞʠʚʘʝʤʦʩʪʴ ʠ ʧʦʩʣʝʦʧʝʨʘʮʠʦʥʥʳʝ ʦʩʣʦʞʥʝʥʠʷ ʫ 

ʧʘʮʠʝʥʪʦʢ ʩ ʈʐʄ IIB ʩʪʘʜʠʠ ʧʨʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʤ ʣʝʯʝʥʠʠ: ʨʝʪʨʦʩʧʝʢʪʠʚʥʦʝ ʢʦʛʦʨʪʥʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ // ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ. 2026. ʊ. 12. ˉ3. ʉ. 219-225. 

https://doi.org/10.33619/2414-2948/124/27 

 

Cite as (APA): 

Sharshenbayeva, A. (2026). Long-Term Survival and Postoperative Complications in Patients 

with Stage IIB Cervical Cancer Treated With Combination Therapy: A Retrospective Cohort Study. 

Bulletin of Science and Practice, 12(3), 219-225. (in Russian). https://doi.org/10.33619/2414-

2948/124/27 

  



ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ / Bulletin of Science and Practice 

https://www.bulletennauki.ru 

ʊ. 12. ˉ3 2026 

https://doi.org/10.33619/2414-2948/124 

 

 ʊʠʧ ʣʠʮʝʥʟʠʠ CC: Attribution 4.0 International (CC BY 4.0) 226 

ʋɼʂ 618.146-006.6-036.22(575.2) https://doi.org/10.33619/2414-2948/124/28 

 

ɺʅɽɼʈɽʅʀɽ ʀ ʂʃʀʅʀʏɽʉʂʆɽ ɿʅɸʏɽʅʀɽ ʉʊɸʅɼɸʈʊʀɿʀʈʆɺɸʅʅʆɻʆ 

ʇʈʆʊʆʂʆʃɸ ʋʃʔʊʈɸɿɺʋʂʆɺʆɻʆ ʀʉʉʃɽɼʆɺɸʅʀʗ  

ʇʈʀ ʄɽʉʊʅʆ-ʈɸʉʇʈʆʉʊʈɸʅɪʅʅʆʄ ʈɸʂɽ ʐɽʁʂʀ ʄɸʊʂʀ 

 

©ʐʘʨʰʝʥʙʘʝʚʘ ɸ. ʐ ., ʂʳʨʛʳʟʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʤʝʜʠʮʠʥʩʢʘʷ ʘʢʘʜʝʤʠʷ 

 ʠʤ. ʀ. ʂ. ɸʭʫʥʙʘʝʚʘ, ʛ. ɹʠʰʢʝʢ, ʂʳʨʛʳʟʩʪʘʥ, Sharshenbaeva91onk.ru@mail.ru 

 

INTRODUCTION AND CLINICAL SIGNIFICANCE  

OF A STANDARDIZED ULTRASOUND EXAMINATION PROTOCOL  

FOR LOCALLY ADVANCED CERVICAL CANCER  

 

©Sharshenbayeva A., Kyrgyz State Medical Academy named after I. Akhunbaev, 

Bishkek, Kyrgyzstan, Sharshenbaeva91onk.ru@mail.ru 

 

ɸʥʥʦʪʘʮʠʷ. ʄʝʩʪʥʦ-ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʡ ʨʘʢ ʰʝʡʢʠ ʤʘʪʢʠ (ʈʐʄ) ʦʩʪʘʸʪʩʷ ʦʜʥʦʡ ʠʟ 

ʚʝʜʫʱʠʭ ʧʨʠʯʠʥ ʦʥʢʦʣʦʛʠʯʝʩʢʦʡ ʩʤʝʨʪʥʦʩʪʠ ʩʨʝʜʠ ʞʝʥʱʠʥ ʚ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʩʪʨʘʥʘʭ. ʊʦʯʥʘʷ 

ʜʠʘʛʥʦʩʪʠʢʘ ʠ ʩʪʘʜʠʨʦʚʘʥʠʝ ʦʧʫʭʦʣʝʚʦʛʦ ʧʨʦʮʝʩʩʘ ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʳʤʠ ʬʘʢʪʦʨʘʤʠ ʚʳʙʦʨʘ 

ʦʧʪʠʤʘʣʴʥʦʡ ʪʘʢʪʠʢʠ ʣʝʯʝʥʠʷ. ɺ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʤ 

ʤʝʪʦʜʘʤ ʚʠʟʫʘʣʠʟʘʮʠʠ ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʝʪ ʫʣʴʪʨʘʟʚʫʢʦʚʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ (ʋɿʀ). ʎʝʣʴ 

ʠʩʩʣʝʜʦʚʘʥʠʷ - ʦʮʝʥʠʪʴ ʢʣʠʥʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʚʥʝʜʨʝʥʠʷ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʪʦʢʦʣʘ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠ ʜʠʘʛʥʦʩʪʠʢʝ ʤʝʩʪʥʦ-ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʛʦ ʨʘʢʘ ʰʝʡʢʠ ʤʘʪʢʠ. 

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʩʦʚʨʝʤʝʥʥʳʭ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʠ ʢʣʠʥʠʯʝʩʢʦʛʦ ʦʧʳʪʘ ʨʘʟʨʘʙʦʪʘʥ 

ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʡ ʧʨʦʪʦʢʦʣ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʘʮʠʝʥʪʦʢ ʩ ʧʦʜʦʟʨʝʥʠʝʤ ʥʘ 

ʤʝʩʪʥʦ-ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʡ ʨʘʢ ʰʝʡʢʠ ʤʘʪʢʠ. ʇʨʦʪʦʢʦʣ ʚʥʝʜʨʸʥ ʚ ʧʨʘʢʪʠʯʝʩʢʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʮʝʥʪʨʘ ʦʥʢʦʣʦʛʠʠ ʠ ʛʝʤʘʪʦʣʦʛʠʠ 

ʄʠʥʠʩʪʝʨʩʪʚʘ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʂʳʨʛʳʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ, ʘ ʪʘʢʞʝ ʨʷʜʘ ʯʘʩʪʥʳʭ ʤʝʜʠʮʠʥʩʢʠʭ 

ʦʨʛʘʥʠʟʘʮʠʡ. ɺʥʝʜʨʝʥʠʝ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʪʦʢʦʣʘ ʋɿʀ ʧʦʟʚʦʣʠʣʦ ʫʥʠʬʠʮʠʨʦʚʘʪʴ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʟʘʢʣʶʯʝʥʠʷ, ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʘʣʴʥʦʡ ʠʥʬʠʣʴʪʨʘʮʠʠ ʠ 

ʣʦʢʘʣʴʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʧʫʭʦʣʠ, ʘ ʪʘʢʞʝ ʫʣʫʯʰʠʪʴ ʦʙʦʩʥʦʚʘʥʥʦʩʪʴ ʚʳʙʦʨʘ ʣʝʯʝʙʥʦʡ 

ʪʘʢʪʠʢʠ. ʉʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʡ ʧʨʦʪʦʢʦʣ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ 

ʵʬʬʝʢʪʠʚʥʳʤ ʠ ʜʦʩʪʫʧʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʠʘʛʥʦʩʪʠʢʠ ʤʝʩʪʥʦ-ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʛʦ ʨʘʢʘ 

ʰʝʡʢʠ ʤʘʪʢʠ ʠ ʤʦʞʝʪ ʙʳʪʴ ʨʝʢʦʤʝʥʜʦʚʘʥ ʜʣʷ ʰʠʨʦʢʦʛʦ ʚʥʝʜʨʝʥʠʷ ʚ ʢʣʠʥʠʯʝʩʢʫʶ ʧʨʘʢʪʠʢʫ, 

ʦʩʦʙʝʥʥʦ ʚ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʥʳʭ ʨʝʩʫʨʩʦʚ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ. 

 

Abstract. Locally advanced cervical cancer (PCC) remains one of the leading causes of cancer 

mortality among women in developing countries. Accurate diagnosis and staging of the tumor process 

are key factors in choosing the optimal treatment strategy. In conditions of limited access to high-tech 

imaging methods, ultrasound is of particular importance. To evaluate the clinical significance of the 

introduction of a standardized ultrasound examination protocol in the diagnosis of locally advanced 

cervical cancer. Based on the analysis of modern literature data and clinical experience, a standardized 

ultrasound examination protocol has been developed for patients with suspected locally advanced 

cervical cancer. The protocol has been implemented in the practical activities of the diagnostic 

departments of the National Center of Oncology and Hematology of the Ministry of Health of the 

Kyrgyz Republic, as well as a number of private medical organizations. The introduction of a 

standardized ultrasound protocol made it possible to unify diagnostic conclusions, improve the 

accuracy of the assessment of parametric infiltration and local tumor spread, and improve the validity 
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of the choice of therapeutic tactics. The standardized ultrasound examination protocol is an effective 

and affordable diagnostic tool for locally advanced cervical cancer and can be recommended for 

widespread implementation in clinical practice, especially in conditions of limited healthcare 

resources. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʘʢ ʰʝʡʢʠ ʤʘʪʢʠ, ʫʣʴʪʨʘʟʚʫʢʦʚʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʡ 

ʧʨʦʪʦʢʦʣ, ʜʠʘʛʥʦʩʪʠʢʘ, ʚʥʝʜʨʝʥʠʝ. 

 

Keywords: cervical cancer, ultrasound, standardized protocol, diagnosis, implementation. 

 

ʈʘʢ ʰʝʡʢʠ ʤʘʪʢʠ ʧʨʦʜʦʣʞʘʝʪ ʦʩʪʘʚʘʪʴʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʭ ʧʨʦʙʣʝʤ 

ʩʦʚʨʝʤʝʥʥʦʡ ʦʥʢʦʣʦʛʠʠ, ʦʩʦʙʝʥʥʦ ʚ ʩʪʨʘʥʘʭ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʨʘʥʥʝʡ 

ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʧʨʦʬʠʣʘʢʪʠʢʠ. ɺʳʩʦʢʘʷ ʜʦʣʷ ʤʝʩʪʥʦ-ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʬʦʨʤ ʟʘʙʦʣʝʚʘʥʠʷ ʚʦ 

ʤʥʦʛʦʤ ʦʙʫʩʣʦʚʣʝʥʘ ʦʪʩʫʪʩʪʚʠʝʤ ʦʨʛʘʥʠʟʦʚʘʥʥʳʭ ʩʢʨʠʥʠʥʛʦʚʳʭ ʧʨʦʛʨʘʤʤ ʠ ʥʝʜʦʩʪʘʪʦʯʥʦʡ 

ʜʦʩʪʫʧʥʦʩʪʴʶ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʚʠʟʫʘʣʠʟʘʮʠʠ. ʊʦʯʥʘʷ ʦʮʝʥʢʘ ʣʦʢʘʣʴʥʦʛʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʧʫʭʦʣʝʚʦʛʦ ʧʨʦʮʝʩʩʘ, ʩʪʝʧʝʥʠ ʧʘʨʘʤʝʪʨʘʣʴʥʦʡ ʠʥʬʠʣʴʪʨʘʮʠʠ ʠ ʚʦʚʣʝʯʝʥʠʷ 

ʩʦʩʝʜʥʠʭ ʩʪʨʫʢʪʫʨ ʠʤʝʝʪ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʩʪʘʜʠʨʦʚʘʥʠʷ ʟʘʙʦʣʝʚʘʥʠʷ ʠ ʚʳʙʦʨʘ 

ʦʧʪʠʤʘʣʴʥʦʡ ʣʝʯʝʙʥʦʡ ʪʘʢʪʠʢʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʪʘʢʠʝ ʤʝʪʦʜʳ, ʢʘʢ ʇʕʊ/ʂʊ ʠ ʄʈʊ, ʦʩʪʘʶʪʩʷ 

ʦʛʨʘʥʠʯʝʥʥʦ ʜʦʩʪʫʧʥʳʤʠ ʜʣʷ ʟʥʘʯʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʧʘʮʠʝʥʪʦʢ ʚ ʫʩʣʦʚʠʷʭ ʨʘʟʚʠʚʘʶʱʠʭʩʷ 

ʩʪʨʘʥ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʫʣʴʪʨʘʟʚʫʢʦʚʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʜʦʩʪʫʧʥʦʩʪʠ, 

ʥʝʠʥʚʘʟʠʚʥʦʩʪʠ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ, ʧʨʠʦʙʨʝʪʘʝʪ ʦʩʦʙʫʶ ʨʦʣʴ ʚ 

ʜʠʘʛʥʦʩʪʠʢʝ ʨʘʢʘ ʰʝʡʢʠ ʤʘʪʢʠ. ʆʜʥʘʢʦ ʦʪʩʫʪʩʪʚʠʝ ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʧʨʦʚʝʜʝʥʠʶ 

ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʋɿʀ ʧʨʠʚʦʜʠʪ ʢ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʟʘʢʣʶʯʝʥʠʡ ʠ ʩʥʠʞʝʥʠʶ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ 

ʮʝʥʥʦʩʪʠ ʤʝʪʦʜʘ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʦʮʝʥʠʪʴ ʢʣʠʥʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʚʥʝʜʨʝʥʠʷ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʧʨʦʪʦʢʦʣʘ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠ ʜʠʘʛʥʦʩʪʠʢʝ ʤʝʩʪʥʦ-ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʛʦ ʨʘʢʘ 

ʰʝʡʢʠ ʤʘʪʢʠ ʠ ʝʛʦ ʚʣʠʷʥʠʝ ʥʘ ʧʨʠʥʷʪʠʝ ʢʣʠʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. 

 

ʄʘʪʝʨʠʘʣ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʠ ʚʥʝʜʨʸʥ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʡ ʧʨʦʪʦʢʦʣ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʨʛʘʥʦʚ ʤʘʣʦʛʦ ʪʘʟʘ ʫ ʧʘʮʠʝʥʪʦʢ ʩ ʧʦʜʦʟʨʝʥʠʝʤ ʥʘ ʤʝʩʪʥʦ-

ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʡ ʨʘʢ ʰʝʡʢʠ ʤʘʪʢʠ. ʇʨʦʪʦʢʦʣ ʙʳʣ ʥʘʧʨʘʚʣʝʥ ʥʘ ʫʥʠʬʠʢʘʮʠʶ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ 

ʦʮʝʥʢʠ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʠ ʦʧʫʭʦʣʝʚʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʧʦʚʳʰʝʥʠʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʪʦʯʥʦʩʪʠ 

ʧʨʠ ʩʪʘʜʠʨʦʚʘʥʠʠ ʟʘʙʦʣʝʚʘʥʠʷ. ʇʨʦʪʦʢʦʣ ʚʢʣʶʯʘʣ ʦʙʷʟʘʪʝʣʴʥʫʶ ʦʮʝʥʢʫ ʩʣʝʜʫʶʱʠʭ 

ʧʘʨʘʤʝʪʨʦʚ: ʨʘʟʤʝʨʦʚ ʠ ʵʭʦʩʪʨʫʢʪʫʨʳ ʦʧʫʭʦʣʝʚʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ; ʛʣʫʙʠʥʳ ʠʥʚʘʟʠʠ ʦʧʫʭʦʣʠ ʚ 

ʩʪʨʦʤʫ ʰʝʡʢʠ ʤʘʪʢʠ; ʩʪʝʧʝʥʠ ʧʘʨʘʤʝʪʨʘʣʴʥʦʡ ʠʥʬʠʣʴʪʨʘʮʠʠ; ʩʦʩʪʦʷʥʠʷ ʚʣʘʛʘʣʠʱʘ ʠ ʪʝʣʘ 

ʤʘʪʢʠ; ʥʘʣʠʯʠʷ ʧʨʠʟʥʘʢʦʚ ʚʦʚʣʝʯʝʥʠʷ ʤʦʯʝʚʦʛʦ ʧʫʟʳʨʷ ʠ ʧʨʷʤʦʡ ʢʠʰʢʠ; ʩʦʩʪʦʷʥʠʷ 

ʨʝʛʠʦʥʘʨʥʳʭ ʣʠʤʬʘʪʠʯʝʩʢʠʭ ʫʟʣʦʚ; ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʧʫʭʦʣʝʚʦʛʦ ʢʨʦʚʦʪʦʢʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʮʚʝʪʦʚʦʛʦ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʜʦʧʧʣʝʨʦʚʩʢʦʛʦ ʢʘʨʪʠʨʦʚʘʥʠʷ. ɼʣʷ ʨʝʢʪʦʚʘʛʠʥʘʣʴʥʦʛʦ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʠʢʨʦʢʦʥʚʝʢʩʥʳʡ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʜʘʪʯʠʢ 

ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ ʩ ʯʘʩʪʦʪʥʳʤ ʜʠʘʧʘʟʦʥʦʤ 3-9 ʄɻʮ ʠ ʛʣʫʙʠʥʦʡ ʩʢʘʥʠʨʦʚʘʥʠʷ 28-159 ʤʤ. 

ʊʨʘʥʩʘʙʜʦʤʠʥʘʣʴʥʦʝ ʫʣʴʪʨʘʟʚʫʢʦʚʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʨʠ 

ʥʘʧʦʣʥʝʥʥʦʤ ʤʦʯʝʚʦʤ ʧʫʟʳʨʝ ʚ ʧʦʣʦʞʝʥʠʠ ʧʘʮʠʝʥʪʢʠ ʣʸʞʘ ʥʘ ʩʧʠʥʝ. ʊʨʘʥʩʚʘʛʠʥʘʣʴʥʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʷʣʦʩʴ ʧʦʩʣʝ ʦʧʦʨʦʞʥʝʥʠʷ ʤʦʯʝʚʦʛʦ ʧʫʟʳʨʷ. 

ɺ ʭʦʜʝ ʪʨʘʥʩʚʘʛʠʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʮʝʥʠʚʘʣʠ ʚʟʘʠʤʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʦʨʛʘʥʦʚ 

ʤʘʣʦʛʦ ʪʘʟʘ, ʩʦʩʪʦʷʥʠʝ ʤʦʯʝʚʦʛʦ ʧʫʟʳʨʷ, ʦʙʱʠʝ ʨʘʟʤʝʨʳ ʤʘʪʢʠ (ʜʣʠʥʘ, ʰʠʨʠʥʘ, 

ʧʝʨʝʜʥʝʟʘʜʥʠʡ ʨʘʟʤʝʨ), ʬʦʨʤʫ, ʢʦʥʪʫʨʳ ʠ ʚʥʫʪʨʝʥʥʶʶ ʵʭʦʩʪʨʫʢʪʫʨʫ ʪʝʣʘ ʠ ʰʝʡʢʠ ʤʘʪʢʠ, ʘ 
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ʪʘʢʞʝ ʧʘʨʘʤʝʪʨʳ ʩʨʝʜʠʥʥʳʭ ʤʘʪʦʯʥʳʭ ʩʪʨʫʢʪʫʨ (ʄ-ɻ ʭʦ). ʇʦ ʧʦʢʘʟʘʥʠʷʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʚʳʧʦʣʥʷʣʦʩʴ ʪʨʘʥʩʨʝʢʪʘʣʴʥʦʝ ʫʣʴʪʨʘʟʚʫʢʦʚʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʨʛʘʥʦʚ ʤʘʣʦʛʦ ʪʘʟʘ ʚ ɺ-ʨʝʞʠʤʝ 

ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʩʪʝʧʝʥʠ ʠʥʚʘʟʠʠ ʦʧʫʭʦʣʠ ʰʝʡʢʠ ʤʘʪʢʠ ʚ ʩʦʩʝʜʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʦʮʝʩʩʘ ʚʦ ʚʣʘʛʘʣʠʱʝ, ʯʪʦ ʠʤʝʣʦ ʟʥʘʯʝʥʠʝ ʧʨʠ ʚʳʙʦʨʝ ʜʘʣʴʥʝʡʰʝʡ ʪʘʢʪʠʢʠ 

ʣʝʯʝʥʠʷ. ʉ ʧʦʤʦʱʴʶ ʠʤʧʫʣʴʩʥʦʡ ʩʧʝʢʪʨʘʣʴʥʦʡ ʜʦʧʧʣʝʨʦʤʝʪʨʠʠ ʦʮʝʥʠʚʘʣʠ ʧʦʢʘʟʘʪʝʣʠ 

ʢʨʦʚʦʪʦʢʘ ʚ ʦʧʫʭʦʣʝʚʳʭ ʩʦʩʫʜʘʭ (Vmax, RI), ʧʨʠ ʵʪʦʤ ʢʦʥʪʨʦʣʴʥʳʡ ʦʙʲʸʤ ʨʘʩʧʦʣʘʛʘʣʠ ʚ ʟʦʥʝ 

ʥʘʠʙʦʣʴʰʝʡ ʚʘʩʢʫʣʷʨʠʟʘʮʠʠ ʦʧʫʭʦʣʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʫʣʴʪʨʘʟʚʫʢʦʚʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʘʨʭʠʚʠʨʦʚʘʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʪʝʨʤʦʙʫʤʘʛʠ. ɺʩʝ ʜʘʥʥʳʝ ʬʠʢʩʠʨʦʚʘʣʠʩʴ ʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʘʥʘʣʠʟʘ 

ʩʪʘʪʠʯʝʩʢʠʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʵʭʦʛʨʘʤʤ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ SPSS, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʯʘʩʪʠʯʥʦ ʨʝʪʨʦʩʧʝʢʪʠʚʥʦʛʦ ʠ ʧʨʦʩʧʝʢʪʠʚʥʦʛʦ ʘʥʘʣʠʟʘ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʡ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʧʨʦʪʦʢʦʣ ʙʳʣ ʚʥʝʜʨʸʥ ʚ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʮʝʥʪʨʘ ʦʥʢʦʣʦʛʠʠ ʠ ʛʝʤʘʪʦʣʦʛʠʠ ʄʠʥʠʩʪʝʨʩʪʚʘ 

ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʂʳʨʛʳʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʘʢʪʦʤ 

ʚʥʝʜʨʝʥʠʷ. ʆʙʫʯʝʥʠʝ ʚʨʘʯʝʡ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʙʘʟʝ ʫʯʨʝʞʜʝʥʠʷ ʩ 

ʨʘʟʲʷʩʥʝʥʠʝʤ ʢʨʠʪʝʨʠʝʚ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʧʨʠʟʥʘʢʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ 

ʩʪʘʜʠʨʦʚʘʥʠʷ ʦʧʫʭʦʣʝʚʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʋʣʴʪʨʘʟʚʫʢʦʚʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʷʣʦʩʴ ʧʦ ʨʘʟʨʘʙʦʪʘʥʥʦʤʫ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʦʤʫ 

ʧʨʦʪʦʢʦʣʫ. 

 

 

ʇʨʦʪʦʢʦʣ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʪʨʘʥʩʚʘʛʠʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

 

ʄʘʪʢʘ ʥʝ ʫʚʝʣʠʯʝʥʘ, ʨʘʟʤʝʨʘʤʠ ʤʤ, ʢʦʥʪʫʨʳ ʨʦʚʥʳʝ, ʤʠʦʤʝʪʨʠʡ ʦʜʥʦʨʦʜʥʳʡ, ʙʝʟ ʫʟʣʦʚʳʭ 

ʦʙʨʘʟʦʚʘʥʠʡ. ʕʥʜʦʤʝʪʨʠʡ ʤʤ. ʇʦʣʦʩʪʴ ʤʘʪʢʠ ʥʝ ʨʘʩʰʠʨʝʥʘ.  

ʐʝʡʢʘ ʤʘʪʢʠ ʨʘʟʤʝʨʘʤʠ:  

 - ʜʣʠʥʘ____ʤʤ; ʰʠʨʠʥʘ____ʤʤ; ʧʝʨʝʜʥʝ-ʟʘʜʥʠʡ ʨʘʟʤʝʨ____ʤʤ; 

ɺ ʰʝʡʢʝ ʤʘʪʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʛʠʧʦʵʭʦʛʝʥʥʦʝ/ʛʠʧʝʨʵʭʦʛʝʥʥʦʝ ʩʦʣʠʜʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ, ʨʘʟʤʝʨʘʤʠ: 

- ʜʣʠʥʘ____ʤʤ; ʰʠʨʠʥʘ____ʤʤ; ʧʝʨʝʜʥʝ-ʟʘʜʥʠʡ ʨʘʟʤʝʨ____ʤʤ; ʦʙʲʝʤ -  ʩʤ3 . 

ʆʙʨʘʟʦʚʘʥʠʝ ʩ (ʯʝʪʢʠʤʠ, ʥʝʯʝʪʢʠʤʠ, ʨʦʚʥʳʤʠ, ʥʝʨʦʚʥʳʤʠ) ʢʦʥʪʫʨʘʤʠ. 

ʆʙʨʘʟʦʚʘʥʠʝ (ʠʥʪʠʤʥʦ, ʠʥʪʘʢʪʥʦ) ʧʨʠʣʝʞʠʪ ʢ ʟʘʜʥʝʡ ʩʪʝʥʢʝ ʤʦʯʝʚʦʛʦ ʧʫʟʳʨʷ ʩ (ʧʨʠʟʥʘʢʘʤʠ 

ʠʥʚʘʟʠʠ, ʙʝʟ ʠʥʚʘʟʠʠ) ʚ ʝʸ ʩʪʝʥʢʫ. ʇʨʦʪʷʞʝʥʥʦʩʪʴ ʠʥʚʘʟʠʠ ʜʦ _____ʤʤ. 

ʆʙʨʘʟʦʚʘʥʠʝ (ʠʥʪʠʤʥʦ, ʠʥʪʘʢʪʥʦ) ʧʨʠʣʝʞʠʪ ʢ ʧʝʨʝʜʥʝʡ ʩʪʝʥʢʝ ʧʨʷʤʦʡ ʢʠʰʢʠ ʩ (ʧʨʠʟʥʘʢʘʤʠ 

ʠʥʚʘʟʠʠ, ʙʝʟ ʠʥʚʘʟʠʠ) ʚ ʝʸ ʩʪʝʥʢʫ. ʇʨʦʪʷʞʝʥʥʦʩʪʴ ʠʥʚʘʟʠʠ ʜʦ _____ʤʤ. 

ʀʥʬʠʣʴʪʨʘʮʠʷ ʚ (ʧʘʨʘʤʝʪʨʘʣʴʥʫʶ ʢʣʝʪʯʘʪʢʫ, ʩʦʩʝʜʥʠʝ ʦʨʛʘʥʳ, ʚʣʘʛʘʣʠʱʝ, ʢʣʝʪʯʘʪʢʠ ʚʦʢʨʫʛ 

ʰʝʡʢʠ ʤʘʪʢʠ), ʪʦʣʱʠʥʘ ʠʥʬʠʣʴʪʨʘʮʠʠ ʜʦ ____ʤʤ.  

ʇʨʠ ʎɼʂ ʦʙʨʘʟʦʚʘʥʠʷ ʢʨʦʚʦʪʦʢ ʩ ʧʨʠʟʥʘʢʘʤʠ ʥʝʦʘʥʛʠʦʛʝʥʝʟʘ: 

- ʥʝʪ ʢʨʦʚʦʪʦʢʘ;  

- ʤʠʥʠʤʘʣʴʥʳʡ ʢʨʦʚʦʪʦʢ ʜʦ 5 ʩʧʝʢʪʨ (ʰʢʘʣʳ); 

- ʫʤʝʨʝʥʥʳʡ ʢʨʦʚʦʪʦʢ ʦʪ 6 ʜʦ 10; 

- ʚʳʨʘʞʝʥʥʳʡ ʢʨʦʚʦʪʦʢ ʙʦʣʝʝ 11. 

ʇʨʠ ʘʨʪʝʨʠʘʣʴʥʦʡ ʧʝʨʬʫʟʠʠ ʦʙʨʘʟʦʚʘʥʠʷ:  

Vmax, RI ï ʚ ʪʦʣʱʝ ʦʙʨʘʟʦʚʘʥʠʷ  

Vmax, RI ï ʧʦ ʧʝʨʠʤʝʪʨʫ ʦʙʨʘʟʦʚʘʥʠʷ  

ɿʘʜʥʠʡ ʩʚʦʜ/ʧʝʨʝʜʥʠʡ ʩʚʦʜ/ʙʦʢʦʚʳʝ ʩʚʦʜʳ ï ʠʥʬʠʣʴʪʨʠʨʦʚʘʥʳ/ʥʝ ʠʥʬʠʣʴʪʨʠʨʦʚʘʥʳ.  

ɺ ɼʫʛʣʘʩʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʢʘʨʤʘʥ ʩʚʦʙʦʜʥʦʡ/ʧʦʩʪʦʚʫʣʷʪʦʨʥʦʡ ʞʠʜʢʦʩʪʠ ʚ ʦʙʲʝʤʝ ___ʤʣ.  

ɺ ʪʦʣʱʝ ʰʝʡʢʠ ʤʘʪʢʠ/ʚʜʦʣʴ ʮʝʨʚʠʢʘʣʴʥʦʛʦ ʢʘʥʘʣʘ ʥʘʙʦʪʦʚʳ ʢʠʩʪʳ ʜʦ ʤʤ. ʇʨʘʚʳʡ ʷʠʯʥʠʢ 

__ʭ__ʭ__ ʤʤ, ʩ ʬʦʣʣʠʢʫʣʘʤʠ/ʙʝʟ ʬʦʣʣʠʢʫʣʦʚ; ʣʝʚʳʡ ʷʠʯʥʠʢ __ʭ__ʭ__ ʤʤ, ʩ ʬʦʣʣʠʢʫʣʘʤʠ/ʙʝʟ 

ʬʦʣʣʠʢʫʣʦʚ. 
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ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ɺʥʝʜʨʝʥʠʝ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʪʦʢʦʣʘ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʦ 

ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʠ ʩʦʧʦʩʪʘʚʠʤʦʩʪʴ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʟʘʢʣʶʯʝʥʠʡ. 

ʆʪʤʝʯʝʥʦ ʫʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʘʣʴʥʦʡ ʠʥʬʠʣʴʪʨʘʮʠʠ ʠ ʣʦʢʘʣʴʥʦʛʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʧʫʭʦʣʠ, ʯʪʦ ʠʤʝʝʪ ʢʣʶʯʝʚʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠ ʩʪʘʜʠʨʦʚʘʥʠʠ ʤʝʩʪʥʦ-

ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʛʦ ʨʘʢʘ ʰʝʡʢʠ ʤʘʪʢʠ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʝʜʠʥʦʛʦ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʙʦʣʝʝ ʦʙʦʩʥʦʚʘʥʥʦʤʫ 

ʚʳʙʦʨʫ ʣʝʯʝʙʥʦʡ ʪʘʢʪʠʢʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʠ ʨʝʰʝʥʠʠ ʚʦʧʨʦʩʘ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ ʣʝʯʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʩʪʘʥʜʘʨʪʠʟʘʮʠʷ ʋɿʀ ʩʥʠʟʠʣʘ ʟʘʚʠʩʠʤʦʩʪʴ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʦʪ ʩʫʙʲʝʢʪʠʚʥʦʛʦ ʦʧʳʪʘ ʩʧʝʮʠʘʣʠʩʪʘ ʠ ʧʦʟʚʦʣʠʣʘ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʤʝʪʦʜ ʚ ʢʘʯʝʩʪʚʝ ʥʘʜʸʞʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʧʝʨʚʠʯʥʦʡ ʦʮʝʥʢʠ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʠ ʦʧʫʭʦʣʝʚʦʛʦ 

ʧʨʦʮʝʩʩʘ (ʈʠʩʫʥʦʢ 1, 2). 

 

  
 

ʈʠʩʫʥʦʢ 1. ʊʨʘʥʩʚʘʛʠʥʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ. ʇʦʧʝʨʝʯʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ (ɾʝʣʪʘʷ ʣʠʥʠʷ ï ʦʧʫʭʦʣʴ 

ʰʝʡʢʠ ʤʘʪʢʠ; ʈʦʟʦʚʘʷ ʣʠʥʠʷ ï ʚʣʘʛʘʣʠʱʝ; ʊʝʤʥʦ-ʩʠʥʠʷʷ ʣʠʥʠʷ ʠʥʚʘʟʠʷ; ɻʦʨʯʠʯʥʘʷ ʣʠʥʠʷ ï ʦʧʫʭʦʣʝʚʘʷ 

ʠʥʬʠʣʴʪʨʘʮʠʷ; ɿʝʣʝʥʘʷ ʣʠʥʠʷ - ʦʧʫʭʦʣʝʚʘʷ ʠʥʬʠʣʴʪʨʘʮʠʷ ʚʝʨʭʥʝʡ ʪʨʝʪʠ ʚʣʘʛʘʣʠʱʘ) 

 

   
ʘ ʙ ʚ 

 

ʈʠʩʫʥʦʢ 2. ʘ) ʚʘʛʠʥʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ; ʙ) ʨʝʢʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ; ʚ) ʨʝʢʪʦ-ʚʘʛʠʥʘʣʴʥʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ 
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ʈʠʩʫʥʦʢ 3. ɼʦʧʣʝʨʦʛʨʘʄʄɸ ʈʐʄ ʩʪʘʜʠʠ 2ʙ ʚ ʨʝʞʠʤʝ ʎɼʂ 

 

ʈʝʢʪʦʚʘʛʠʥʘʣʴʥʫʶ ʫʣʴʪʨʘʟʚʫʢʦʚʫʶ ʜʦʧʣʝʨʦʛʨʘʬʠʶ ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʞʠʤʝ ʕɼʂ 

ʧʨʠʤʝʥʷʣʠ ʜʣʷ ʠʟʫʯʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ ʚʥʫʪʨʠʦʧʫʭʦʣʝʚʦʛʦ ʢʨʦʚʦʪʦʢʘ. ʉ 

ʧʦʤʦʱʴʶ ʠʤʧʫʣʴʩʥʦʡ ʧʦʪʦʢʦʚʦʡ ʩʧʝʢʪʨʘʣʴʥʦʡ ʜʦʧʣʝʨʦʤʝʪʨʠʠ ʦʮʝʥʦʚʘʣʠ ʩʢʦʨʦʩʪʴ ʢʨʦʚʦʪʦʢʘ 

ʚ ʦʧʫʭʦʣʝʚʳʭ ʩʦʩʫʜʘʭ. ʇʦʤʝʱʘʣʠ ʤʝʪʢʫ ʢʦʥʪʨʦʣʴʥʦʛʦ ʦʙʴʝʤʘ ʚ ʪʦʯʢʫ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʨʦʚʦʪʦʢʘ 

ʠ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʭʦʜʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʣʫʯʘ ʚʠʟʫʘʣʠʟʠʨʦʚʘʣʠ ʚʩʝ ʩʦʩʫʜʳ. 

 

 
 

ʈʠʩʫʥʦʢ 4. ʊʨʘʥʩʨʝʢʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ: ʈʦʟʦʚʘʷ ʣʠʥʠʷ ï ʚʣʘʛʘʣʠʱʝ; ʂʨʘʩʥʘʷ ʣʠʥʠʷ ï ʩʪʝʥʢʘ 

ʤʦʯʝʚʦʛʦ ʧʫʟʳʨʷ; ɹʠʨʶʟʦʚʘʷ ʣʠʥʠʷ ï ʛʝʤʘʪʦʤʘ ʚʣʘʛʘʣʠʱʘ; ɿʝʣʝʥʘʷ ʣʠʥʠʷ ï ʦʧʫʭʦʣʝʚʘʷ ʠʥʬʠʣʴʪʨʘʮʠʷ 

ʚʝʨʭʥʝʡ ʪʨʝʪʠ ʚʣʘʛʘʣʠʱʘ; ɾʝʣʪʘʷ ʣʠʥʠʷ ï ʦʧʫʭʦʣʴ ʰʝʡʢʠ ʤʘʪʢʠ; ʌʠʦʣʝʪʦʚʘʷ ʣʠʥʠʷ ï ʩʪʝʥʢʠ 

ʢʠʰʝʯʥʠʢʘ 
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ʊʘʙʣʠʮʘ 

ʉʊɽʇɽʅʀ ɺɸʉʂʋʃʗʈʀɿɸʎʀʀ 
 

 

ʅʝʪ ʢʨʦʚʦʪʦʢʘ (ʜʦ 1) 

 

ʋʤʝʨʝʥʥʳʡ ʢʨʦʚʦʪʦʢ 

(6-10) 

 

ʉʣʘʙʳʡ ʢʨʦʚʦʪʦʢ (3-5) 

 

ɺʳʨʘʞʝʥʥʳʡ ʢʨʦʚʦʪʦʢ 

(ʙʦʣʝʝ 10) 

 

ʆʙʩʫʞʜʝʥʠʝ 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʫʣʴʪʨʘʟʚʫʢʦʚʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʠ ʫʩʣʦʚʠʠ 

ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʵʬʬʝʢʪʠʚʥʦʡ 

ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʙʦʣʝʝ ʜʦʨʦʛʦʩʪʦʷʱʠʤ ʤʝʪʦʜʘʤ ʚʠʟʫʘʣʠʟʘʮʠʠ. ʆʩʦʙʝʥʥʦ ʵʪʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʩʪʨʘʥ 

ʩ ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ, ʛʜʝ ʜʦʩʪʫʧ ʢ ʇʕʊ/ʂʊ ʠ ʄʈʊ ʦʩʪʘʸʪʩʷ 

ʦʛʨʘʥʠʯʝʥʥʳʤ. 

ɺʥʝʜʨʝʥʠʝ ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʧʨʦʪʦʢʦʣʘ ʋɿʀ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʢʘʯʝʩʪʚʘ 

ʜʠʘʛʥʦʩʪʠʢʠ, ʦʧʪʠʤʠʟʘʮʠʠ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʧʘʮʠʝʥʪʦʢ ʠ ʨʘʮʠʦʥʘʣʴʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʨʝʩʫʨʩʦʚ ʦʥʢʦʣʦʛʠʯʝʩʢʦʡ ʩʣʫʞʙʳ. ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʚʦʟʤʦʞʥʦʩʪʠ ʝʛʦ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʠ ʚʥʝʜʨʝʥʠʷ ʚ ʫʯʨʝʞʜʝʥʠʷ ʨʘʟʣʠʯʥʦʛʦ ʫʨʦʚʥʷ. 
 

ɿʘʢʣʶʯʝʥʠʝ  

ɺʥʝʜʨʝʥʠʝ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʪʦʢʦʣʘ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠ ʤʝʩʪʥʦ-

ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʤ ʨʘʢʝ ʰʝʡʢʠ ʤʘʪʢʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʪʦʯʥʦʩʪʠ ʜʠʘʛʥʦʩʪʠʢʠ, 

ʫʣʫʯʰʝʥʠʶ ʩʪʘʜʠʨʦʚʘʥʠʷ ʟʘʙʦʣʝʚʘʥʠʷ ʠ ʦʙʦʩʥʦʚʘʥʥʦʤʫ ʚʳʙʦʨʫ ʣʝʯʝʙʥʦʡ ʪʘʢʪʠʢʠ. ɼʘʥʥʳʡ 

ʧʦʜʭʦʜ ʷʚʣʷʝʪʩʷ ʜʦʩʪʫʧʥʳʤ ʠ ʤʦʞʝʪ ʙʳʪʴ ʨʝʢʦʤʝʥʜʦʚʘʥ ʜʣʷ ʰʠʨʦʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʧʨʘʢʪʠʯʝʩʢʦʤ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʠ. 
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